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AUTHOR'S PREFACE 

This book was intended primarily for the use of those pre- 
paring for the Board of Trade examination for Second-class 
Certificates of Competency as Colliery Undermanagers, and 
the splendid reception given to it has shown that its jmrpose 
has been achieved. The present opportunity has been taken 
to eliftiinate errors in the original form of the book and to bring 
up to date the questions at the ends of the various chapters, 
so that readers may become familiar with the questions 
generally set by the examiner. 

The study of each branch of the subjec t is begin by a 
consideration of the loading principles upon which the further 
treatment is founded, and representative niacliines and ap}>li- 
ances are described and illustrated by suitable' draw ings and 
photographs. The uses of ty]>kMl mining plant an* sc't forth, 
and consideration is givc'ii to the measures which arc' normally 
taken to ensure Ihc' safc'ty of persons engagc'cl in liandling 
mining macliinery, or of those w'hos<‘ sidc*ty depends on the* 
proper use of such jilant. 

The treatment of the subji'ct of the* tilh* is tutorial and 
practical, and as the progress made in learning is dependc'nt 
upon the acquisitivenc'ss of the stu(l<*nt, the author ho])<‘S that 
readers of the bc^ok will be induced tc^ C'xtend their studies b3'' 
reading the papers and books of rcderc nce sptcilit'd at the 
ends of the sc'veral chapters, and hc' advisees them to become 
familiar with the machinery to which they have* daily acec'ss 
in the pit 

Success at examinations depends to a great extent on the 
facility with which a candidate can express his ideas in writing, 
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and much depends on his ability to illustrate his remarks by 
suitable drawings Ht should, therefore, make good use of 
the exercist‘ questions at tlu rnd of each chapter of the book, 
and to ac quin facility in drawing vdl drawings should be made 
to scale until he h is acquired facility in sketching 

Ihose who have succeeded in passing the Lndermanagers* 
examin«ition will still find the book helpful to them in 
preparing foi tlic higher cximmition for the First-class 
Certihcatc 

The autlioi disins to take this oppoilunity to thank all 
thosi* firms thit supplied blocks or photographs for the 

illustration of the book and to (\])rcss his indebtedness to 
those who in the woikshoj) 1 iborator\ or mine, have helped 
to fashion his idt is of mining michmcry ind the stupendous 
part it ])livs in the cU vc lopiiu nt of mining mi thods 

lh( ])( iniission of tlu ( ontrolUr ol H M Stationery Office 
has btcii obi unul to ii])iodiut tlu Lxaminal ion Questions 
included in tlu book 

MlNINt (oil! I 
\\u \N 
lUH 


IH()M\S BR\SON 



EDITOR’S PREFACE 

The Mining Certiticate I'cxt books liave been spocially prepared 
to meet the recpiirerncnts of candidates for certilkales of 
competency as managers and under-managers of mines. 

The subjects of the examinations are given in the following 
extracts from the syllabus issued by the Board for Mining 
Examinations - 

For First-class Certificates — 

I. Winning and Working. Systems of laying out and working, 
under varying circunistanres, ol coal and other stratified deposits 
included under the ('oal Mines Act — The geology of these ileposits — 
.Methods oi supporting roof and .sales — ikiring and sinking — Illcsting 
and general knowledge of explosives 

z. Theory and Tractick oh Ventilation. The pioperties, idonti- 
hcation, and pia( tical estimation of gases met vvitli in mines — Sources 
and effects of heat in iiiiik's —Natural ventilation, fans, and other 
ventilators 'J'lie distribution and contiol oi the .lir underground — 
Construction, use, and testing ot safety lamps. 

3. Explosions in Mines, rNDERGRooND i'lRt.s and Incndations, 
Their Causes and Prevention. Coal dust --Spontaneous heating — 
Rescue operations, apiKiratus, and organization Kevov’ory of mines 
after explosion.s, tires, and inundations 

4. Machinery, Winding, Iiauling, pumping, mechanical coal- 
cutting and conveyoi*-. eti . - Metliods of transmission of power — 
Strength of materials. 

5. Surveying, Llveiling, and Drawing. Determination ol mag- 
netic declination — Loose and fast nei'dle liialling — Calculation of areas 
and volumes — Contour lines and levelling Tiaversing with the theo- 
dolite underground an<l on the surface- ('onnectmg ol surface and 
underground surveys— Triangulation- Mine plans and sections — The 
use, cafe, ami testing ol instruments. 

X.B - I^ach candidate must produce a plan of a inim* survey and a 
section pre])ared from an underground levelling made aiid drawn by 
himself, with the original plottings, and tlu* notes from which the 
plottings liave been made, and lli<‘ work must be rertitied by him as 
havmg been carried out bv' himself 1 he plan and set tion jnepared 
from an undcrgiound levelling must have been made and drawn not 
more than twelve months before the date of the examination. 

6. CIeneral Manac;emrnt and Mining Lechslaticin Organization 
and surface arrangements under varying circumstances Mines .Ac ts- - 
Cieneral and .special regulations and orders, and other Ic'gislation 

In addition to the written examination, there wdll be a twa roce 
examination. 
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For SEroxn-rLAS«; Certificates — 

I 

The questions set in the resjxrtive papers for Second-class Certificates 
will be of a nature suitable b>r practical working: miners. 

1. Systems of laying out and working, under varying circumstances, 
of coal and other stratilied deposits included under the Coal Mines Act — 
Methods of supporting niols and sides -Boring against old workings — 
Shot firing. 

2. Ventilation, the pro])ertie.s, idisitifuation, and practical estimation 
of gase‘i met with in mines Natural ventilation, Ians and other venti- 
iators —The distribution and control ol the air underground — Con- 
struction, use, and testing ol safety lamps. 

3. Explosiijns in mines, underground fires, and inundations, their 
cause.s and pn'veiition - Coal <lust Sjiontaneoiis heating — Rescue 
operations, ajiparatus, and organization 

4. Machinerv aiul plant in (omnum use in a colliery, including the 
use of electrii ity, and with sp«‘( i.d relerence to safety. 

5. Aiilhmetie (.simple riile») Blenuuitary surveying and levelling. 

(>. .Mines .\ct (ieneral and spctuil regul.itions and orders — Writing 
of reports 

In addition to the written examination, there will be a viva voce 
examination 

The first set of textbooks in the seiit's rovids the scojx' of 
the examination for seeoml-( lass cei tilieatcs, ])ul in the case 
of two of th<' subjects, naiiK ly, Mining Lnh' and Management 
and Explosions in Mines, it has been eonsithui d advisable to 
emlirai'e the .scojH* of both th(‘ fust and tlu' Mcond-class 
examinations in out' volume devoti-d to each subject. 

riioi to the establishment of tlie Hoard for Mining Exam- 
inations uiuh‘1 the ('oal Mines Act, it would have been 

impiacti('able to have prt*paied siiitabU^ textbooks to deal 
si]),irat(dy with each subject, on account of the lack of uni- 
formity that existed in the matter of standaids of examination 
ruling in the vaiious coalfields where tlu* examination's wvre 
li(‘ld. The establishment of one govtuning body to eontrol 
and anangi' examinations lias resulted in standaulizatioii, 
and. incidentally, a general raising of the standard of 
(lualihcations. 

Several ytuirs’ experience under the existing system has 
enahlt‘d mining teachers and lecturers to form sound plans 
for the tfaining of candidates, but howwer efficient a teaciier 
may be, the student s progress depends on his application to 
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private stuch It is hopt‘cl tint the pre^^ont sene*, of text- 
books will be found of es}X‘cial \ due to studints piej)arnig 
for examinations and to mmniij ddUs i ( lalK 
The following books foim tlu iirst miun 

Miiinig Maihuiit\ In 1 \ K I ( Mm I M I M s 

AriihnjctxL nini In K M I \ in H S< I (. S 

M I JMin r 

Muxe VentilaUo)! mtd J i^hi n h\ (his J) M to nn Bs- 
M 1 Min E 

Wtnninq and Working, h\ Prol 1(1 stithim H 1 lu I ( s 
M I Min P 

Mwni^ J an and Afii Mai nt bj Al( Minh i W its n 

A.R S M 

Colliery 1 x plosions ai d kicoiuty H tj/ b\ ] VV \\ hit iK t IMi l> , 
B Sc F I C MI Min 1 

The publishers have bt en fortunate m s( ( ui ing the smu < s 
of authors who have had extensive i \p( nt nt t in tiaining and 
preparing students for niming examinations anti who havt 
otherwise distinguished themsdvts by tlieii contninitiops to 
mining liteiature In this senes of textbooks tin subjttts 
have been treated bv the lesptvtivc authors in a mannti 
“ suitable for practical woiking miners 

As the authors have ainud to meet tlu ittjumintnts ol 
candidates for certili(at(.s, the keynote has ntussuiK bttn 
’ Safety First,” smee in every mining ojMiition salttv 
prtcautions must be uppermost in the minds ol olhcids and 
imneis The same policy governs the mining t xannnations. 
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CHAPTER 1 

HEAT AND STEAM 

Water. Water is a chemical compound of hydrogen and 
oxygen, which may exist in the solid state as ice, in the liquid 
state as water, and in the vaporous condition, in which it is 
called steam. If the vapour be raised to a higher tein])erature 
than that at which it was formed, its beha\ iour resembles that 
of a perfect gas, and the resemblance becomes closer the higher 
the temperature, until the temperature is reached at wliich 
the constituent gases are dissociated. WatiT is caa>cd to 
pass through the various changes indicated by the application 
of heat, but the order may b(‘ reversed by the abstraction of 
heat from the constituent gases, initially at a high temperature, 
from the vapour, and* linally, from the water itself. 

Sensible Heat. When the application of heat to a substance 
causes the temperature of the substance to rise, the heat so 
applied is called sensible heat, for the change in the physierd 
condition of the .substance may be Hindered evident by a 
thermometer. It is customary to n‘ckon the sensible luat ol 
water from 32° F., thus the sensible heat of water at 212^ F. 
is 212 - 32 “ 180, meaning that 180 British ThcTinal Units 
of heat must be applied to i lb. of water in order to raise the 
temperature of the water from 32"^ to 212° F. The amount ol 
heat which must be imparted to a certain mass of a substance, 
having a weight co lb., to raise its temperature from to 
F., the Sfx*cific heat of the substance being d, is expressed 
by h = d(t2 - ^1) CO in B.Th.U., but as the .specific heat of water 
may, for ordinary calculations, be assumed to have the 
constant value of i, the sensible heat imparted to oi lb. of 
water in raising its temperature from to ^2** ^ ^ ^ generally 
expressed as = ct>(f2 - h) B.Th.U. 

I 



2 


MINING MACHINERY 


Latent Heat. Heat imparted to a substance to change the 
state of the substance without changing its temperature is 
said to be lafcnf heat. Calorimetric determinations show that 
the latent heat of ice is 144 B.Th.U. per lb., and that the latent 
heat of steam at atmospheric pressure is 966 B.Th.U. per lb. 
Regnault found that the latent heat of steam varied with the 
temperature of evaporation ; further, that the latent heat and 
the temperature were connected by the simple formula : 
L ™ 906 - 0*7 F. - 212°), and we see that this takes the 
final form of / 1114 - 0*7/° F. 

Total Heat in Steam. The total heat in i lb of steam at any 
temperature F., from water at 32° F., is given by the 
expression : 11 — - 32) + (1114 - 0-7/), the first term of 
tht^ expression repn'senting the sensible heat, and the second 
the Litent heat. Th(' temperature of (‘vaporation varies with 
the ]irossure ot the steam, and as steam talik's liave been 
(onijiiled, tlu* various propertit's of steam may be studi(*d by 
refer(‘nce to those tables, but as the reader may b(‘ interested 
m tlu* j)rop<‘rties of steam at a pressure whicli is not giv'en in 
the tabh's, it bivomes nt‘cess«iry to di'termine the several 
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i 

\-ohinu‘ in 

j*iossure in 

/ 1 

ft 

1 

1 7 / 

cub ft. per 

lb per in. 




_ 

lb of steam 

1 
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04*1 

1029 

11204 

I 73 -J 

4 1 

, 15.VI 

121*4 

1007 

I I 28 *(» 

89*8 

1 

1 ^70 I 

13S <> 

o<>5*2 

1 1 ^3*8 

Ol*T 

8 


151-5 

1 l)S(>*2 

1137*7 

46 *() 

10 

193*2 

1 I0l*t) 

1 979 0 

1 140*<» 

i 37*8 

'5 

2 13*0 

1 lSl *9 
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I I 4()*9 

' 25*0 

zo 

227*9 

' "107*0 
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1 19-7 

40 

! 207*1 

23<»*9 

1 <)2(v5 

1163*4 

lO* ^ 

70 

1 302*7 

^ 73-4 
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1174-3 

0*1 

100 

’ 3 ‘i 7'0 

298*9 

882*9 

1 181 *8 

4-4 

130 

347 * 

3190 

' 8()S*7 

1187*8 

3*4 

160 

3 ^> 3'3 

* 33 V 9 

1 856*9 

119^-7 

2*8 

190 

377*3 

' 35 <’* \ 

840*6 

1 1197-0 

1 2*4 

^00 


1 354 *<) 

1 843-4 

j H 98-3 

1 2.3 

1 
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properties associated with the pressure by the process of inter- 
polation. Table I gives the principal properties of saturated 
steam at pressures from 2 to 200 lb. per sq. in. absolute, and 
if corresponding values of temperature F.), latent heat (/), 
total heat (H), and specific volume (F) be plotted as ordinates 
on a base of pressures, the properties of saturated steam at any 
absolute pressure other than those given in the table may be 
found by observing the v^alues of the ordinate which passes 
through the given pressure and intersects the curves of temper- 
ature, latent heat, total heat, and specific volume. 

Example i. Calculate the sensible, latent, and total heat in 
I lb. of steam at 327*6" F. 

Solution. 

h ~r r ^ 32^ -= 327*6 - 32 - 295*6 H.Th.F. 

/ - 1114-0*7/" - 1114-0*7 X 327*6 884*7 H.fli U. 

H = 295*6 “I 884*7 - 1180*3 H.rii.U. 

Example 2. What weight of coal having a caloriiic valut* of 
11,500 H.Tli.TT. per pound would be lequired to raise the tempera- 
ture of 2000 lb. of water at 32" F to 381*6° F., and evapoiate it 
at the latter temperature, assuming tliat the efficiency of the 
boiler is 0*5 ? 

Solution. The total lieat in 2,000 lb. of slecim at 381*6" F. 
2000 (381*6-32) 1 1114-0*7 < 381*61 = 2000 X 119^48 - 

2,393,800 13, Til. If, but as the efficiency of the boiler is 0*5, the 
heat required is equal to 2 x 2,393,800 -- 4,787,600 13. Th. 1 1 , 
therefore the weight of coal required 4,787,600 11,500 

== 416*3 lb. 

Example 3. Water is fed into a boiler at 63° h\ and is heateil 
to 327*6° F., at which temperature steam is gcMicrated at a pressiin* 
of 100 lb. per sq. in., absolute. Calculate the heat imparted to 
each pound of water. 

Solution. // = (327*6° -63°) -f- 1114-0*7 X 327*6 
= 264*6 4- 884*68 1149*28 B.Th.U. 

Example 4. Water is fed into a boiler at 130° F. and is evapor- 
ated to dry saturated steam at 366° F. I'he weight of feed-water 
used per hour is 4000 lb,, and tlie weight of coal burned in the 
same period of time is 600 lb. The calorific value of the coal is 
12,000 B.Th.U. per pound. Calculate the efficiency of the boiler. 
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Solution. 

l£fticit‘ncy of boiler 


Heat given to water 


Heat supplied in coal 
4000 [(366®- 130®) 4- 1114-0-7 X 366] 
600 X 12,000 

4000 y 1093*8 

o*(>o7 or 6 o *7 per cent. 

600 X 12,000 


Example 5. I he flue gases passing from a boiler furnace have 
a tcinperatiire of 520® 1-'. and the temperature of the air entering 
the furnace is 55® 1 -' Tlie amount of air used is 22 lb, per pound of 
/oal burned, ('alcula'e the heat lost in the furnace gases per 
pound of coal burned, and the percentage of heat lost if the 
calorific value of the coal is j 2.000 HTh.lF. per lb. Specific 
heat of furnace gases 0*26. 

Solution. 


Heat lost per pound of gases ~ change of temperature 
X sjK-cific heat 

(320® - 55®) 0*26 
120*9 B Th.U. 

Heat lost per fioimd of ('oal ^ {5^0° 55^) o-2() x 21 

= 2430*8 B.Th.U. 

2459-8 X 100 

PerctMitage of heat lost bv gases ~ 20*4 

12,000 


Mechanical Equivalent of Heat. Heat and work arc 
rnutu.illy convertible, und Joule's equivalent is the rate of 
exchange. Dr. Jonh-, by hi.s well-known stining experiinent, 
established the fact that, in the latitude of Manchester, 
772 ft. -11). of work had to be performed in order to raise the 
temperature ot i lb. of water from b'. to 61 F. This is 
termed the mechanical equivalent of heat One B.Th.U. was 
aftenvards found to be more correctly 778 ft. -lb., and that is 
the value now generally used. 

Example 6. In generating steam for a compouiKl engine the 
coal consumption is 2 1 lb. per indicated horse-power per hour, the 
calorific value of the coal being 13,750 B.Th.U. per ix>und. 
C'aU'ulate the thermal efficiency of the plant. 
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Solution. 

Heat given up by coal ^ 2-5 x 13.750 34,375 R.Tli.U. 

Mechanical equivalent of heat “ 34.375 X 778 26,743,75011 -lb. 

Energy given up per minute 26,743,750 -60 - 4 15,729 ft. -lb 
Theoretical horse-power —445,729 * 33,000 --- 13*51 

Thermal efticiency of plant - 7*4 per cent 

13*51 

Example 7. A fan engim* (le\ (‘loping 120 i.h p ivipnreil 15001b. 
of steam per hour, 'riie tt'inperal lire of the su-aiu 341®!' , 
and the temperature of the exhaust steam was 170“ 1'. ( alculate 
the thermal eftieiency of the engine 

Solution. 

I i(‘.U t‘(|ui valent of woik done 

Theimal eflieieiUN 

Heat snpplitMl to ( ngine 

120 * 33,000 \ t)o 7)8 
I50 o[(3jT' - I/o') » 1114 -07 -r 34 ij 

27S, 52.1 

— - 018 01 18 ptT cent 

1 ,570,050 

Saturated and Superheated Steam. Sti am in i onta(i with the 
water from wliirh it has l>cen torinrd is I’alled sithnatcd stenw, 
and at a giv(‘n jiri'ssure it can <»nly exist at one temj'i ralun*. 
Thus, if lu'at In* abstracted from saturated ste.nn sonu* of the 
steam is condens(‘d, the tempi ratiiK* being imaltei(‘(i. If 
no beat wert‘ abstract<‘d li’oin sti.im after gem ration, there' 
would be no spiay trom < ondensation, and tlu* st('am would 
be said to be dry, but wh(‘n lieat is lost by the ste'ain to sur- 
rounding bodies condensation takes pLu'e. and tb<‘ steam 
becomes wet. In a mixUire oi steam and s])ray, tlie projxirtion 
of dry vSteam to unit weight of the mixture is calk'd the dryness 
fraction. Under normal working ('onditions tlu' dryness 
fraction does not usually fall imuli below ()5 per (i nt, but if 
the ebullition of st(*am is violent the jiroportion of water 
carried away in tin* steam may exct'ed 5 jut cent. If /be tlie 
dryness fraction of wet steam at a l(*mperature oi F., the 
total heat in i lb. of the .steam is giv(‘n by the expression— 

H r-.- (/" - 32) I / (TII4 0-7/' ) 


a— (T 5468) 
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Eacample 8. What is the total heat in i lb. of wet steam at 
341® F. when the dryness fraction is 0*95 ? 

Solution. 11 — (341 - 32) -1- 0*95 (rii4 - 07 x 34T) 

= 309 -f 0*95 X 855-3 = 1140-5 B.Th.U. 

When heat is added to the heat of evaporation of saturated 
steam, the pr{‘^sure constant anti the steam dry, the 

temperature is raised and the steam is said to be superheated. 
Superheated steam at a /^iven pressun- can exist at any tem- 
perature hi^^her than boiliTif^' tempc-ra lire corresponding to the 
pressure of the sti'ani. Th(‘ sjx citic heat of superheated steam 
at constant pn'ssure is o-f) and at constant temperature 0*46, 
and the total heat recpiiri'd to foirn supiTheated steam at a 
temp('ratur(‘ of fnnn water at 32° h'., and saturated 

steam at ty lx is given ]>y tin* t'xpression-- 
Total heat in B/rii.V. - 11 ! o-b tj"'} 

1082-4 |- 0-3/1® i (^2° “ ^1°) 
[1082-4 } o*3/|'' is deducible from (/j® - 32) 

1 9hb 0-7 (/j® 212) ; 

Example 9. Calculate the tot.il heat in i lb. of superheated 
steam at a pr<‘ssure ot i(»(> Ih, per sep in. absolute- and a temperature 
of 4(>3-3® h' 

Solution. On refennig to 'i'.dile I it will be seen that the 
tempi-rature of salinated ste«iin at the given pressure is 363-3° F., 
theiefoie the degri-i-s ol supiiheat added to the steam after 
evapoiation eipials ^03-3 - 303-3' - luo’'. J.et /i be the lower 
temperatuie and t.j tlu higlui, then the toted hi-at in i lb. of 
siip(‘ilieated steam at the Inghei teinpeiatnre 

ioSj-4 ; o-^/i' I o-6(/\, -/°j) 

~ ioSj-4 0-3 ' V’ 3‘3 - 0-6 X 100 

= 1 251-30 1> 1 h.U 

\ like result may be got bv ailding the \alue of H corresponding 
to the given pressiiie to o-() (/ .^ - / ,). thus the required amount of 
heat - 1102-7 t o (> -} 100- 1252-7 l^'l'li.r, Either result is 

aect‘ptable. 

Condensation of Steam. Ihat be abstracted from 

steam to condense it by admixture with water, as in a jet 
condenser, or condensatimi may be effected by causing steam 
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to pass through tubes around which cold water is caused to 
circulate, as in a surface condenser. 

The amount of water required for the condensation of a 
certain amount of exhaust steam depends on the tem})erature 
of the steam and that of the condensing water, end it is evident 
that the heat gained by the water must be equal to that lost 
by the steam. Let if F. ho ihv temperature of the exhaust 
steam, if" F. the temj^eratuie of the condensing water, and 
tf" F. the temperature of the mixture, then for a jet condenser, 
the WTight IF of water per lb, of exhaust steam is given by— • 

(V - V) - /.') -i <>7^ j 

Example 10. 'Hie 1eni]>eiatuie of the (‘xli.uist steam entcMu.g a 
jet C('m!eiiser is i2f)"’T' , and that the t(iv>hn;; watci ’s Oo"' !•., 
the teinperatuie of tlie mixtuie to 1 h mainlamed at 100 ]•. 
Calculate t}u‘ ^^elgllt ol watci leqmred ]>ei j^oiind of steam to 
maintain a hot-well temperature of too 1 

Solution. Tl’fn»o- (iul - i (ut) loo) i iii.j 0-7 
40 11 2() 1 n j SS-J 

II - losi'S p) 20*3 lb 

In the oth(‘r case of the surface condensei the .deam does not 
mingle witli the water, and tliendore we may snp])ose that 
while th(' tempei atiiu* of steam falls fiom /j h\ to /./ h. iti 
passing throiigli a condensei, tlie tenij)eiatuie of th(‘ cooling 
water rises from F. to ^4^ F'. The weight of water then 
required to obtain a condensate at if 1\ is gi\en by- 
W(if - i[(tf iiiq- 07 X Vh 

W having tlie same significance as in the* j)rece(ling exam])lr. 

Example ii. Calculate the weight of foudcusiug watc'r at 
60*^ F. that is roquirc'd to rediu'c the temjieiature *>1 i ih exhaust 
steam from 145° F. to 125 I’., d the condensing water It^aves the 
condenser at 95*^' h'. 

Solution. 

Heat gained by water rr heat lost by Mc‘am. 

ir( 95 - 0 cn i,/i 45 -i 23 j ' I1J.4-0-; 1^3, 

35ir 20 J 1 14 - 101-3 
11 - 1032-3 33 -^0-5 lb. 
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EXERCISE yUESTlONS 

1. State the cliaiiges that take place in converting water to 
superheated steam, and distinguish latent heat from sensible heat. 

2. Find the total amount of h(‘at in i lb. of steam at 381 '6° F. 
and calculate the amount of heat that must be imparted to i lb. 
of water at 100° F. to convert it to steam at 347" F. 

3. Steam is generatt‘d at 328*' F. from water at 120° F. by the 
burning ol coal having a heating power of 13,000 B Th.U. per 
pound in a boiler having an elficiency of o-b. What weight of coal 
is reejuired per 1000 lb. ol st(‘am geiu rated ? 

4. The hot gas<\s miierging liom a boil(T furnace have a tem- 
perature ol 550*^ h'.. and when they havt‘ passed through an 
economizer the temj)eiatun‘ is found to b(‘ 123^ F. The evapora- 
tive power ol tlu' coal used is 8 lb. of water per pound of cocil, and 
the air used for tli(‘ combustion of the coal amounts to 22 lb. per 
pound of coal tliven that the specific h(\at of the furnace gases 
IS o*2(>, calculate the quantitv of Jieat imparted to the feed-water 
per pound of coal binned. 

3. A steam engine de veloping 2ix) h.p. uses 2300 lb. of steam 
per hour. 'I'he pressure of the steam is ibo lb. per sq. in. absolute, 
and the temperature of the exhaust steam is 130° F. Calculate 
the thermal cfficH'nc) of the engine. 

(). What do you understand by th(‘ term dryness fraction ? 
Calculate tlu' ttdal heat in i lb of wet steam at 331)' F. when the 
dryne.ss fraction is o’<)2, and tlu* (piantity of heat that must be 
added to supiuheat the .steam to a temperature of 320° 1'. 

7. Calculate the amount of water at 45° F. required to reduce 
the temperature of i lb. of steam at to the temperature of 
120** if the coiuUmsate is to have a temperature of 80° F. 

5. What IS meant bv saturated steam, latenY heat of steam, 
aiul speeihc volume of steam How d(H's the latent heat of steam 
vary with the pressure,? ('alculate the heat required to convert 
r 11). of water at 00' I', to steam at an aKsolute pres.sure of 100 lb. 
per s(j. in. 'Phe temperature t>f saturatetl steam at that pressure 
is 328 1 '., and the latent heat is S<)2 B. Ph.F. ])er lb. 



CHAPTER II 

STEAM BOILERS 

Kinds of Steam Boiler. The boilers most commonly used at 
collieries for the supply of steam to engines are : (j) Vertical 
boilers ; (2) Cornish boilers ; (3) Lancashire boilers ; (4) 

Water-tube boilers. In selecting a boiler plant that may be 
suitable for working under given conditions, consideration 
must be given to- -- 

(а) The capacity of the boiler to meet large intermittent 
demands for steam without forcing the stoking. 

(б) The suitability of tlie design for safety withstanding the 
pressure of the steam. 

(c) The efficiency with which tin' latent eiK'rgy ot the coal 
or other fuel may be converted into heat in the steam. 

(d) The adaptability^ of the boiler to the use of devices by 
which heat is economized. 

(e) The speed with which st<‘am can be rai.si'd from the cold 
condition of the boiler. 

(/) The accessibility of th<‘ vulnerable parts, both t'xtemally 
and internally. 

(g) The space occupied by the boiler j>lant. 

(h) The portability of the boiler. 

Vertical Boiler. Fig. i is a half-sectional view of tlu' vertical 
cross-tube boiler made by H. Morris, I.td., Loughborough. 
It is made in sizes varying from 2 to 5 ft. in diameter and 
from 4 to 14 ft. in height, the evaporative capacity of the 
boiler varying from 106 to 1630 lb. of wat<*r per hour. Where 
small quantities of steam are requirt'd, as in driving a boring 
apparatus during prospecting work, the vertical boiler is 
especially suitable, for being self-contained and requiring no 
brickwork seating it can readily be removed from place to 
place. For the ground space occupied the boiler is compara- 
tively powerful, and since the fire-grate is about as large as 
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the horizontal section of the boiler, steam may be rapidly 
generated from the cold condition. 

The illustration shows the shell to consist of two rings of 
steel plate joined together by a single row of rivets, the furnace 
chamber being joined to the slu 11 b) a single row of rivets near 
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the base. It is also seen th<it small doors are i>rovided at 
points opposite the ends of the cioss-tubes to enable the latter 
to be cleaned of hcale from time to time. The fire-grate is 
circular, and the uptake from the furnace passes up through 
the steam space and tlirough the dished top of the boiler. 
The following are the fittings supplied with the boiler, viz. : 
a lever safety valve, a stop valve, a check valve, a set of auto- 
matically-closing water gauges, two gauge or test cocks, one 
blow-off cock, and a steam gauge with siphon attachment. 
This boiler is designed to generate steam at loo lb. per sq. in., 
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and is tested by hydraulic pressure to twice the working 
pressure An injector is an essential part of the equipment of 
a vertical boiler 

Cornish Boiler Fig 2 shows a cross-set tion of the Cornish 
boiler and its seating The shell consists of rings of mild-steel 
plate, 4 to 6 ft diameter, joined together by single- or double- 
nveted lap joints, and the furnace tube, which has a diameter 



about 06 that of the shell, consists of sUtl tubes that aie 
joined together by smgh rut ltd joints llic illustration shows 
that cross-tubes arc fitted to the furnace tube s, with the object 
of promoting circulition of the water Around the surfaces of 
tubes the heat from the furnace passes to the water, thus 
ensunng rapid generation of steam The circulation of the 
water takes place in the upward direction through the cross- 
tubes, because as the water m the tube s is heated the density is 
dimmishcd, and it nses towards the top of the tube under the 
greater pressure of the colder water in contact with the sides 
and bottom of the boiler The air which passes into the furnace 
for the combustion of tlie fuel traverses the whole length of 
the furnace tube, and then it passes along the bottom flue from 
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back to front of the boiler, after which it divides and passes 
along the side flues, through the dampers, and into the main 
flue at the rear of the boiler, thence to the chimney. Table II 
gives some particulars of the Cornish boiler. 

The figures show that the evajxirative capacity of the boiler 
is fully twice that of the largest size of vertical boiler, but 
whereas the latter is portable and needs no brickwork seating, 
the former is less portable and must be enclosed in brickwork. 
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in order that the flue 
gases may be circulated 
already described. 
The boiler is suitable 
for supplying steam at 
moderate pressure to 
stationary engines of 
comparatively small 
pow(T. 

Lancashire Boiler. 

Whereas the Cornish 
boiler has one furnace 
tube, the Lancashire 
boiler has two furnace 
tubes. Fig. 3 gives a 
clear idea of the con- 


struction of a Lancashire boiltT having flanged end ]>lates, 
and it shows that the junction of the front end plate with 
the shell is ettected by a circumferential row of rivets 


TAEiLE II 


Ilia, and 
length of 
boiler 


Ft. Ft. Ft, In. 

2 o 
2 8 

I 3 4 


Length 

1 (irate 1 

ot grate 
"* 1 

1 

area. 

Ft In. 

Sq. ft. 

.1 3 

1 ^-5 1 

4 

12-0 1 

b b 

21-7 


No. of 
cross- 
tubes 


I Heating 
I surface 



Normal 

evapora- 

tion 


Lb. per 
hr. 

150 

1.750 

3,600 


4 \ II 

5 X ig 

6 X 28 


I 


3 

5 


130 

310 

585 




Fig 4. Lancashire 
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and a circular angle-iron, which is riveted to the shell. 
The illustration also shows that the junction is strengthened 
by seven-gusset stays, the positions of these stays being 
marked by the radial rows of rivets on the end plate, and it 
is seen that steam and water gauges and the feed-water 
inlet pipe are also attached to the front plate (Section 56, 
Coal Mines Act). A water-level pointer is placed between 
the water gauges to mark the correct height of the water in 
the boiler under working conditions. 

Fig. 4 is a longitudinal section of the Lancashire boiler and 
its seating, and it shows that the boiler consists of five rings, 
which are riveted together to form the shell. The manner ir. 
which the end plates are attached to the shell is clearly shown, 
and the mountings usually fitted to the boiler are shown in 
their respective positions on the top and bottom of the boiler. 
The shell varies from 6 to 9 ft. in diameter, and from 19 to 
30 ft. in length. Two furnace tubes having a diameter equal 
to about 0*4 of the diameter of the shell pass from end to end 
and are riveted to the end plates. The illustration shows a 
portion of the furnace tubes to be corrugated, but this con- 
struction is not generally adopted when the end plates are 
flat, the ordinary straight tubes being preferred, but when 
the end plates are dished, and therefore more rigid than flat 
plates, exi)ansion and contraction are allowed for by the 
insertion of a length of corrugated tube. The boiler furnace 
varies from 4 to 6 ft. in length, and the grate area from 18 to 
45 sq. ft,, the fire bars having three supports, on the dead-plate 
at the front of the boiler, on the flame dyke, and on a girder 
placed in an intermediate position. The mountings on the 
top of the boiler are : a dead-weight safety valve, a high- 
pressure and low-water safety valve, a man-hole and door, and 
an anti-priming pipe attached to the stop valve. A blow-off 
cock is mounted on the bottom of the boiler near the front 
plate. The evaporative capacity of the boiler varies from 
2500 to 9750 lb. of water per hour according to size. 

The Galloway boiler differs from the Lancashire boiler only 
in the form of the furnace tubes. Truncated conical tubes are 
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inserted in the main furnace tubes with the object of increasing 
the evaporative capacity of the boiler, and it has been found 
in practice that the normal increase amounts to about 10 per 
cent ; thus on comparing two boilers, one Lancashire and the 
other of the GalIowa3’ form, 8 ft. b}’ 30 ft., the heating 
surface of the former is found to be 985 sq. ft., whereas that 
of the Galloway boiler is 1164 sq. ft., and for equal quantities 
of coal (1424 lb.) the water evaporated the former was 
io> 565 ib. and by the latter 11,485 lb., showing that the 




Fig. 5. SiKhNorn 01 Shki l 

evaporative powers were respectively 9*4 and 10*4 lb. of 
water per lb. of coal burned. 

Construction and Strength of Shell. In discussing the 
theory of the strength of boilers, it is custoiiuiry to regard a 
boiler as a thin cylind(T having no longitudinal joints. 
Referring to Fig. 5, let P be the internal pressure in pounds per 
square inch, d the diameter of the shell in inches, t the thickness 
of the plate in inches, 5 the stress in the material in pound.s per 
square inch, / the safe stress in pounds per square inch, I the 
length of a small element of length in inches, E the efficiency 
of the joint. Let ab be any element of arc, and project ab 
horizontally^ and vertically. The resultant internal pressure on 
an element ab = arc ab x P X I, and when a 6 is infinitely 
short the internal pressure equals P, and the direction of P is 
along the central radius of the arc. Assuming that the central 
radius is inclined at an angle 0 to the normal to the plane A A , 
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the horizontal component of P, normal to the dividing plane 
AA, equals PI arc ab x cos 6 = PI x bC, and since the 
bursting force is the sum of all such elementary forces, the 
total bursting force acting nonnally to the plane A A, equals 
Pld, The force resisting the bursting force when equilibrium 
exists = 2 tSl, and consequently — 

Pd Pd 

Pld = 2/57, and P = 2/S or S = — and / = — 

2 / 2 / 

Allowing for the efficiency of the joints, t — Pd 2/P. 
For single-riveted lap joints E — 0*55, for double-riveted lap 
joints E -= 07, but for single-riveted butt joints with double 
cover plates E — 0*57, and for double-riveted butt joints with 
double cover plates E -- 077. 

77 

Th6 stress in the circumferential joints - d^P, and for 

4 

equilibrium the re.sisting force equals irdts, hence S — Pd 
~ 4/, thus it is seen that the stress in circumferential joints 
is just half of the stress in longitudinal joints, and consequently 
we have an explanation for the necessity of double riveting 
longitudinal joints, while circumferential joints are single 
riveted. 


Example 12. A Lancashire boiler 7 ft. 6 in. is to be constructed 
with butt joints, and double cover plates with double-riveted 
longitudinal joints to genenite steam at a pressure of 150 lb. per 
sq. in by gauge. Assuming the .safe stress of the mild steel used 
m the construction is 10,000 lb. per sq. in , find the tliickness of 
the shell. 


Solution. 


Pd _ 150 X 7*5 X 12 

2fE 2 X 10,000 X 0*77 


Furnace Tubes. These are usually constructed of rings bent 
to a truly cylindrical form, the meeting edges being brought 
together and welded. The ends of the rings are flanged 
outwards, and the rings are connected by rivets passing 
through the flanges, as shown in Fig. 6. The figure also shows 
the methods by which the tubes are connected to the end 
plates. A feature of the Adamson joint is that the heads of 
the rivets are in the water space where they are unexposed to 



STEAM BOILERS 


17 


the corrosive action of the sulphurous gases passing along the 
furnace tubes from the fire. Another feature of the joint is 
the welded expansion ring which is placed between the ilangcs 
to facilitate caulking, the process by which the joint is made 
steam*tight. The stability of the furnace tubes is secured by 
the number of flanged joints in them, just as a corrugated 
tube is stabilized by its corrugations. As shown in Fig. 4, 
the connection to the back end plate is made by the flange of 
the last ring of the lube, and it will be seen that the rings 
near the back are of smaller diameter than the others. This 
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Attachment to Adamson Attachment *o 

Fnd Plate Joint /i h'H F 

Fig (> Showing ]oints in Fcknac i- Tuhks 


construction is adopted to give access to the bottom of the 
boiler for the pur{)os(‘ of cleaning and ins[H‘(tion. 

Furnaces. In the simplest case the furnaces (onsist of a 
hre-grate made up of bars of iron ]daced side by side, with an 
air space bctwi'cn (‘ach pair, the bars Inung siipjKjrted on 
bearers resting on brackets, w'hich ar(‘ riveted to the side.s of 
the furnace tubes. Fig. 4 show's the simplest arrangement of 
the fire-bars, and tluTe it will b(‘ seen that a fire-brick bridge, 
or flame dyke, is constructed to prevent coal from being tlirown 
over the end of the furnace and to restrict the space through 
w^hich the products of combustion and air pass, so that by 
their proper admixture the combustion wall be as comj)lete 
as possible. The furnaces are closed by hinged doors j)rovided 
with adjustable openings. The dead-plate is made long enough 
to prevent the hot fuel from coming right forward to the fiii- 
nace doors, thus protecting the junction of the furnace tubes 
with the front end plate from the direct action of the fire. 
When the furnace is of this simple form, much energy is lost 
in black smoke and the incomplete combustion of the fuel. 


i8 


MINING MACHINERY 


Heywood Forced-draught Furnace. Fig. 7 shows in section 
and plan the principal features of this furnace, which has been 
d(‘signed to replace the common form of furnace fitted to 
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Lancashire boilers and others of the same type. In this c^se 
the fire-bars arc placed transversely across the furnace tubes, 
and the bars are cast so that when they are placed in position 
the}’ form a series of five tubes corre^sponding to the same 
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number of steam jets placed at the front of the boiler under 
the dead-plate The firebridge is shown to be constructed so 
that air from the ash pit may be admitted to the back-end of 
the furnace, the damper being operated by a handle shown 
in the upper portion of the figure immediately below the 
nozzles of the steam jets. With this apparatus it is possible to 
burn any class of fuel more efficiently than is possible in a 
plain furnace. 

By the proper adjustment of the damptT tind the 
steam jets the issue of black smoke from the chimney is 
prevented ; consequently the amount of water evaporated 
per lb. of fuel used is greater. The obvious result of the 
installation of .such an apparatus is that a smaller number of 
boilers are required to provide the requisite amount of power ; 
moreover, the furnace is capable of dealing with low-grade 
fuel such as is usually to be found in adetpiate quantities at 
coal mines. The steam usc'd may be drawn direct ^rom the 
boiler, or it may be given some .^upiTheat by pe.ssing tht‘ 
steam pipes through the side flues of th(‘ boiler. 

Turbine Furnace. This furnace is built on similar lines to 
the Heywood furnaci*, but it differs in the shape of the 
nozzles through which the superheated st('am and air pass to 
the underside of the tire-grate. The nozzle.^^ of the steam jets 
bear a close re.siuiiblance to the nozzles of a De Laval steam 
turbine, and this form has been adopted in the endeavour to 
ensure that the air shall pass up through th<* fire at a uniform 
rate over the whole an'a of the fire. Fig. 8 .shows a .section of 
the furnace. Two results immediaUdy follow the use of such 
an arrangement ; firstly, there is no possibility of overheating 
the furnace tubes ; and, secondly, there is little possibility of 
unconsumed carbon passing into the chimney, provided the 
steam jets and the bridge damper are properly controlled. 
The steam u.sed for the jets is superheated after pa.ssing through 
a reducing valve. The use of supirhoated steam increases the 
efficiency of the injector jets as, for equal weigh t.s, the volume 
delivered is greater if the steam is superheated than it is if 
the steam is saturated. Tests which have been made show that 
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tiie draught is adj useable within wide limits according to the 
steam pressure. It has been found that if the steam pn^ssure is 
10 lb, per sq. in., the pressure in the nozzles is 0*15 in. waiter 
gauge. A .steam ])ressure of 20 lb. gives a water gauge of 
()'25 in., and a stc'am pres.sure of 30 lb. gives an air prCvSsure of 
0*35 in. By varying the st(*ani pressure the air pressure below 
the fire-bars can be regulated over a wide range, const'quently 
a large variety of fuel can be burned in the .same furnace at 
different times. As the result of tt‘sts which have been made 



it has been found jjossible to reduce the cost of gent'rating 
electric }X)wer by one-half, the saving having bt^en eifected 
by the greater evaporative power of the boilers and the lowe? 
charges for fuel and maintenance 

Seating and Covering the Boiler. Tlu* foundation up<m 
which a Lancashire boiler is set is built in such a way as to 
provide a central passage by which the ihu* ga.s-es })ass from the 
back of the boiler to the front, under n<*alh th(‘ boilcT, and two 
pas.sages or .side flues by whicb tlu gases pass along the sides 
of the boiler towards the main fliu‘ at the back of the Ixriler. 
Fig. 9 is a section showing the relati\e jx)sitions of the bottom 
and side flues, the form of the fire bricks upon which the boiler 
is set, and the Hamer method of covering tlu‘ boiler with 
flexible asbe.stos to allow for the ot casional expan.sion and con- 
traction which takes place when the tem|x»raturc of the boiler 
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changes Th( founcLition and side walls are faced with fire- 
brick to withstiiirl the high temper iture of the flue gases 
Ing 10 shows the fluts at th( hick of the boiler and exhibits 
the Hamer piUnt (\pinsion joint, which is designed to 
prc\cnt k<ikige of hot giscs from the downtake to the side 
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thus 11k oI)\ious i(l\ int igt of this construction is that the 
biukwoik suironndiiiw, tin hoik i is iindisturbe d b\ the expan- 
sion of tlu hoiki, ( oiistqiu ntl\ theu cm be no leakage of 
(old an to tlu flues ^^lth the usult tint the cfhrunc} of the 
hoik 1 is m lint line d 'it i high k \ ( 1 In la> ing the foundations 
for a rmge of boikrs it is now common practiei to la} down a 
subst intial raft ol uinfoieed eonente with the object of 
pn serving the brukwork svirrounding the boilers in good 
condition ind tlu found itions should be laid so that the 
boikr is about iJin lower it the front than at the back 
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The main objects to be aimed at m setting b-Dilers 
are— . 

1. Accessibility of flues for examination and cleaning. 

2. Allowing the minimum area of contact bt'twecn the shell 
and the brickwork to avoid concealment of plates. 

3. Deflection and distribution of gases in such a manner as 
to obtain the greatest effect from them. 

4. Prevention of leakage between flues and betwi'en th<* 
outside atmosphere and the flues. 

Babcock & Wilcox Water-tube Boiler. Fig. ii shows this 
form of boiler in longitudinal and cross-sections, and it is seen 
to consist of three main parts, viz. : (i) a horizontal stt‘am and 
water drum ; (2) a series of inclined water tiilx's ; 13) ,i series 
of header boxes. The steam an<l water dnmis, of which then* 
are, as a rule, two in a battery, vary frv)m 2 It. to 4 It. () in. in 
diameter and from 10 ft. 5 in. to 25 ft. 2 in. in length They 
are made of the best .selected mild steel, with double r»viteci 
or butt-strapped joints. As will be s(‘en in Fig. ii, the entile 
boiler, with the exception of the funxicc*, is siispendcxl on 
wrought-iron girders and columns, thus (*nablipg it to exjiand 
and contract without undue strain, and allowing of acc(‘ss to 
the surrounding brickwork without inU’rfering with tlu* sup- 
port of the boiler. It is in this part of th(‘ boiltT that tlu' steam 
separates from th(‘ wat<‘r. The inclined w.dtT tube.s are oi 
wrought steel, expanded at eadi end into sinuous boxes ol 
steel, each connecting one zig-zag row of tulx's. Tht‘ end con- 
necting boxes are provided with hand-lvoles for cleaning 
purposes oppo.site each water tube, the hand-hole covers Ixing 
machined to form metal-to-metal joints, thus disjx'iising with 
all perishable material as ordinarily used in making joints. 
The covers are held in place by wrought-st(‘el clamps. The 
end connecting boxes are attached to the horizontal steam 
and water drum by short tubes, expanded into accurately- 
bored holes, thus providing a large and continuous waterway 
through all the parts A mud collector is attached to the 
lower ends of the rear header boxes with the object of collecting 
suspended matter that passes down through them, and an 




Fig II Babcock <1 Wilcox Boiler 
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arrangement IS made whereby the sediment may be discharged 
from the collector under pressure of the steam in the boiler 
The whole stnicture is built upon a bed of concrete, the main 
upright cotemns being placed on stone blocks at the comers 
of the foundations. 

Action of the Boiler. In the longitudinal section of Fig, ii 
the path of the hot gases from the furnace to the main flue 





1*IG 12. AKK^^^.1.MKN I Oh WaII'K TuHKS AND IftADKUb 


is shown by arrows. The heat radiated from the furnace .it 
the front of the boiler is conducted to tlu* waiter within the 
inclined tubes, and as the temperature of the hot gases is 
greater at the front of the boiler than it is at the lear end of 
the inclined tubes, a definite convection current is established 
in the boiler. As shown in Fig. 12, the hot water and steam 
pass from the inclined tubes into the front lieader, thence to 
the steam drum ; the hot water, now mixt d with colder 
water, passes to the rear end of the steant and water drum, 
where it enters the downtake tubes, carrying with it such 
sediment as may have been precipitated at the temperature 
of ebullition. 

The obvious principle involved in the action of the boiler 
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is the familiar one of counter currents, the gases losing heat 
to the water as they pass from the furnace through the baffled 
passages to the main flue. The effective heating surfaces are 
thin, the volumes of water in contact with thenf are small, 
and the hot ga.ses impinge upon them directly because of the 
staggered arrangemtmt of the tubes. It is a great advantage 
of the system of conducting the lurnac{‘ gases through the 
combustion cliamber that the ga.ses should pass through 
amongst tin* inclined tulx's three tiipes before finally passing 
into the main flue. I'hat arrangement is conducive to two 
things of the utmost im])ortance in a steam plant, viz. : 
(i) rapid generation of st<‘am ; (2) high thermal efficiency 
and con.sequent economy in the* u.se of fuel. 

The feed wat<‘r is introduced through a feed Vedve attacht'd 
to the* front end of the ste*am and wateT elrum, and is directed 
backwarels along the* drum by a short inteTual pipe, this 
being the dire'ctien of flow re'sidting freim the form eif the 
boiler and the* me*thod by whie'h the* he‘at e)f the furnace is 
ap[)lie*d to the water tubes. The* valve* thre)Ugh which the steam 
leaves the* boileT is situateel ne*ar the re‘ar end of the* steam 
and water drum ; th(‘re‘fore, it will be readily understeiod that 
as the* ste*am libe*rate*el near the* front e'lui e)f the* boiler has to 
])ass back about thre*e-ejuarte*rs e>f its length, the generation of 
dry saturated steam will be preimeite'd. 

The Habceick cS: Wilcox beiiteT may be* fire*d by hanel or 
by some form of me‘chanical ste>ke*i, but it is ne)t to be recom- 
mended that large*r sizes of be)ile*r .should be* hand-fired. 

Stirling Boiler. As .shown in Fig. ij, this form of water-tube 
boiler has three steam druin^ ft. b in. in di.imeter cennected 
to tvve) mud elrums, of the same length anel 3 ft. in diameter, 
by bent tubes, which are 3] in. in eliameUT and enter the .steam 
and mud drums radially? The watei .sj>a(‘es of the steam drums 
arc connected te^ tiie nuiel drums and te> each other by tubes, 
and the steam spaces are* likewi.se ce)nnecte*d by tubers sho^^n 
underneath the covering. 

The drums and connecting tubes are supported on a frame- 
work of steel, and the enclosure is made by brickwork built 
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Fig 13. Stirling Five-drum Boiler 

Capaaty : 60,000 Ib. of steam per hour 
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into the steel framework. The feed-water is delivered to the 
rear drum, from which it flows through tlic connecting tubes 
to the other steam and mud drums. Tlic hot gases from the 
furnace at the front of the boiler are directed by partitions 
through among tlie water tubes and |>ass in the contrary 
direction to the water within tlie tubes. On account of the 
contrary direction^ of flow of the hot gases .iTid the feed-water 
it is apj)arent tliat the ino.st vigtu'oii.s ebullition of steam will 
take place in the loremost steam drum, aiul when the .saturated 
steam is to be sujHTheated the superheater is placecf in the 
front compartment of the heating .sy.steni. 

Coal is fed coniiniumsly on to the cha.in-grate stoker, and 
the ash is delivered into trucks ])laced at the inner end ol the 
«toker. Draught is piodiued by a fan and a (Lunper isj'laced 
in the rear downlake le«idmg to the ehimney flue. Doors me 
provided at ci'rtaiii places in the biickwork to give access to 
the tubes and dninis lor the purpose oi (leaning aiid over- 
hauling the boiler. 

Pitting and Grooving in Boilers. It has been obsi rvi d that 
the plates of boilers tend to become pitt(‘d along tlu* si(h'> and 
on the top ol th<‘ fnrnaec* tub(*s, and such pitting is not con- 
hned to the interior of boilers but may be sc^en on the tire side 
of the furnace tubes. 

Tlie effect of pitting is to reduce the elfective thiekness of 
the ])lates, consecpiently pitting is a .soiirct* of danger that is 
the direct result of corrosion. 

Grooving takes ])lac(‘ as a rule near the junctions of plates, 
at the root of flanges, and the toc's of gusset stays, and it is 
believed to he due mainly to unequal expansion and contrac- 
tion of the plati'S in the region of joints, but it may also arise 
from electrolytic action of .saline \vater at the junction of 
plates of ev(m slightly different constitutions. 

Incrustation in Boilers. The water us(*(l in boilers for the 
gtmeration of steam may give an acid r(.‘action, in which case 
the interior surface of the plates of boilers may suffer corrosion, 
but should the watiT contain mineral salts in solution it is 
most likely that scale will be deposited on the plates and form 
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carbonate, is used to convert the soluble sulphates into car- 
bonates and non-scale-formuig sulphate of soda, thus — 

CaS 04 + NajCOg -- CaCO, + Na 2 S 04 

or with magnesium sulphate— 

MgS04 + NagCOg - MgCO, + Na2S04 

the magnesium carbonate being removed by the addition 
of calcium hydrate «is before 

The hardnfss of water is determined in this country in 
degrees Clark by the titration of a me asurt d \ olume of water 
w ith a standard soap solution 1 he soap test is a n ady me ans 
of determining wlnther water contiins such salts as would 
form a loose d( posit that might be blown out of the boiler by 
thi blow -oil eoek or a hard scak that would ha\e to be 
removed by eliipjiing w ith liamuK r and ehist 1 or other suitable 
tool but It IS onlv upon tin basis ol chemical anal}. sis that a 
imthod ma} lx cksigmd for the nnioval of scak forming 
ingndunts b( fon th< water is fed into the boilers fable III 
shows that whereas the watei of I eieh Katrine is naturally 
soft anel free from harmful impurities the watei of the River 
CI}ele wemld recpiire tieatment to lemove both tempejrary and 
permanent hardness be lore use in a boiler if it was desired to 
avoid the foimation e)l scale but it is seen that the pit water 
might be treated in a simpler manner for theie are no 
ingredients whieh foim hare! seale 

Filtration of Precipitate When w iter has been treated 
foi the precipitation of seale forming eonstituents it is neces- 
sary te) lilte I it as it passes on to the fee d pumps The operation 
is best jxi formed in a gravit} filtei eeinsisting of a shell of 
stetl leinforeeel eoneiete, bnck, or stone, eontaining a hlter 
bed formed b} la\ ers eif grade el ejuaitz sand resting on la}crs 
of pebbles, the depth of the bed being three or four feet 
Rapidit} of filtration IS e nsured b} agitating the filter bed with 
eompre ssi d air and a re v e rse cuirent of filtered wate r In which 
the se^ehment is earned into the dram The Paterson 
hngineeiing Co ltd make aKo a pressure hlter when the 
natuial head is msufhcicnt foi gravit} hltration 
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kkierexce books 
Applied The>mod\nimic^ h\ Robinson 
Steam and Other Lngities, In Ouncaii 
Mechinical Lngiiiennii^ for ht^innef'^, b\ Matlaiin 
Textbook oj Hiat I tigntis h\ Jamieson aiul \ndr«‘\\'' 

IVater Softening and Pu}ifitatum by ( i»lh t 

Puf ifit aiion of I ndustnal U ittt's b\ Patiist)n 1 ni*nu'tunt; i o , Ltd 
Poiln I led M aU* b\ Siin}>kni ami I>a\\t 

i XI-KC ISL 01 LSI U)\S 

1 Lnumerate tin t hn f points to which nuu wonUI ton- 

sideration in deciJing upon llu boiK 1 ]'lant nu'st suitciblt lor 
colliery use 

2 In arranging tlu sttam hoiki plant at .1 iiuxUin (<»lhci\. 
state the applitiuccs \oii would install to t nsuu <«.onoin\ in tml 
consumption, and slab what piutMitagi ol tlu total output of 
(oal should ht i(g<u(Ud as tlu inaxiininn to h n«,«d in tlu 
gcneiation of sttaiu pout 1 W hat t lass ot hoiK 1 dotoujuefti to 
collu ry woilv, and wh\ ^ 

^ What IS haidiuss m .i hoiUi letd w.itei ^ Sonu ’*< Uis aie 
legularh blown ott tlu watei lc\(l in the g‘Uig<‘ ‘lass lum^ 
lowered an inch 01 so W h\ is this doiu ' 

Dui ( /ass / xant Max 100 ) 

4 MakcadiaxMtig with dimensions ot tlu Xd.mison joint toi 
connecting thie tubi sections ol a Lanca^hlle boilei the line 
tubes ate made' of plates J in thu k and ait s ft intein.d dianu’tei 

{ 2 H(i C lit s I \(tnt \o\ . mo ' 

5 Dest ribe two tx pc s ol anangc nu nt of bont foi a I ant .1 «»hii<* 
boiler lllustiatc In detail sUc tc lu s hoxx tlu liont plate is ,itt«u lied 
to the shell ind liow the tliu s aie attac he d to tlu fnuit jilatc 

{2)i(/ ( /c/ss I \a)n Max lotf ) 
O Describe xxhat xoii max expect t » "et on looking «it the liont 
of a Lane ashire boilei undei stt«im I)t<il xvith the tittings.ind the 
nxeting {2m/ ( lass / \aw Nov roO ) 

7 What txjie or design of \al\e 01 e oc k would x on use foi the 
following ]iur]H>ses— 

(a) Jo control the steam supplx fiom a I aneashiie boilt'i 

(b) 1 o e ontrol the blow oft oiemptxing of a I aneashiie boilei 
(r) lor use In the diixei in supplx mg steam to a winding 

engine , 

(e/) lo prevent the walei in a rising mam fioni lunning bat k 

when the pump stops-' (jnd ( /uss / xam Max 193b ) 

8 DescritK' the setting for a I aneashiie bf>iler (sax 2S It by 

8 ft diam ), one of a range eif boilei s How is the draugJit through 
the fires ccmti oiled ^ \^2'nd L las^ Lxam May, t 93 f^ ) 
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9. Explain carefully what causes certain waters to be bad for 
feeding boilers. When a bad feed-water has been treated to make 
it suitable for use in boilers, does it behave within the boiler in the 
same way as a good untreated water ? Explain your answer. 

(i5^ Class Exam., May, 1931.) 

ro. Describe a boiler of the Stirling type, i.e. with bent, highly 
inclined tubes illustrating your an.swer with a simple sketch 
showing a side elevation of the boiler. What is the usual diameter 
of the water tubes? (ist Class Exam., May. 1931.) 

11. Des<Tibe a Lancashire Iioiler. Name approximately the 
largest Lancashire lioilers made (length anti diameter). State the 
highest steam pressure fur which J^ancashire boilers are suitable. 

(2nd Class Exam., Nov., 1931.) 

12. The longitudinal joints of the plates in a Lancashire boiler 
are of the butt type, with the following specifications : Plate 
thickness, i in. ; rivet holes, i in. diani. ; cover plates, 9J in. wide , 
rows of rivets, 4 ; sjiacing of rivets longitudinally, 3 in. ; spacing 
of rows of rivets transversely from one side of the cover plate to 
the other, ij in., in.; joint, ij in., i| in. 

Make a plan of this joint to a scale of onc-cjuarter full size, show- 
ing a length of about i<S in. ot the joint. The rivet holes can be 
indicated by crossed centre-lines at the correct points, except for 
one hole in each row, which should be shown correctly to scale. 
Show all necessarv dimensions and ignore the curvature ol the 
shell plate. (\st Class Exam., Nov., 1931.) 

13. Describe one tyjie of water-tube boiler, say for a duty of 

10,000 lb. j)er hour of steam at 175 lb. per sq. in. State in detail 
how the tubes are secured in the headers or drums so as to obtain 
a .steam-tight joint. (ist Class Exam., May, 1932.) 

14. Desciibe the construction of a miKlern Lancashire boiler 
tor a w'orking ]>ressure of i 20 Ib. per .scp in. Deal in detail with the 
shell and tubes. A lust of fittings and mountings is xor wanted. 

(ks/ Class Exam., Nov., 1932.) 

15. Describe a modern steam-raising plant to provide super- 

heated steam at a high jiressure at the rate of, say, 40,000 lb. per 
hour. Class Exam., May. 1934.) 

i(). Describe the action of an injector for feeding water to a 
Ixiiler. Illustrate your answer by a diagram or sketch. 

, (isf Class Exam., May, 1934.) 

17. Describe in detail the work of cleaning a Lancashire boiler 

from the time when it ceases to supply steam to the time w^hen it 
commences to supply steam. (15/ Class Exam., May, 1938.) 

18. A Lancashire boiler at a colliery is 30 ft. long by 8 ft. 0 in. 
diameter, with flues 3 ft. 6 in. diameter. 
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Coal of pool quaht\ i*, burned (Juote a jH>Hsible figure tor the 
heat value of the coal in B Ih U i>er lb 
What weight of coal might lx‘ burned jx'r hom in the Ixnler^ 
W^hat weight of water might l)e e\ajH^rdted per hoin to steam at 
120 lb per sq in ^ How often would ^ou expect to clean the 
lx)ilei fires^ (is/ (;as^ L\a,u . Ma\ ) 

ig In Lancashire boileis what kind of joint is iiscxi 
(a) for joining one end of a plate to the other end to form «i 
shell ring 

(h) for joining one shell iing to the next 
(c) for joining the front plate to the shell and to the Hue 
tubes ^ Illustiate \oui answei b\ sketches 

(2m/ ( las\ I \(int M i\ lo 

20 How ma\ watci be fed into a sit am boilei undi i juessiiie 
Describe a complete inslidlation foi IcxHling a boih i 

(2m/ ( //tss / ojHi Ma\ ui^ ) 

21 How IS a tight ]< lilt ni.idc between 

(a) \ watei tube and the diinn of a water tube l>oilei 
(/ ) \ gauge glass and the top and Inittoin g*uige ( k litlings 
(r) A co\cr and a man hole on i steam boilei ^ 

( 'ass / lam , \c)\ ) 



CHAPTER 111 
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Section 56 of tlu‘ ( oal Mines Act re(iuires that every steam 
boiler used for gt'nerating steam in or about a mine must have 
attached to it a j)rop(‘r safety valv(‘, and also a proper steam 
gauge and water gauge, to show' respectively the pressure of 
st(‘am and th(‘ lu'ight of the w'ater in the boiltT ; the boiler 



shall be examined at least once in (‘very lourleen months, and 
cleaned out and examined internally, as lar as the construction 
of the boiltT will permit, by the piTson in charge of it, ont'e at 
It'ast in every three months. Tlies(‘ accessories wall now’ be 
dt'seribed. 

Lever Safety Valve. Fig. 14 shows, i>arth’ in section, a 
lever safety valve. H is the bod}’ of Iht' valve, B is the valve 
resting in a gun*metal seat in the body, (' is the fulcrum about 
w’hich turns the lever D, and IP is the weight by the adjustment 
of wdiich the steam is allowvd to blow^ off at any pre-determined 
pressure. The valve bp<*ns w’hen the counter-clockwise moment 
of the forc(' of the steam on the valve is equal to the resultant 
of the clockwise moments of the w’eight and the lever about 
the fulcrum. Let d be the diameter of the valve in inches, 
p the pressure of the steam in pounds per square inch, w the 
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weight of the \al\c in pounds If the weight in pounds, the 
weight of the k\cr in jxmnd'' tne distance, frori tin fulcrum 
to the centre of the \ahc tlu distance from tla fuUriun to 
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the (cntri ()lt»ia\it\ of tin Ie\ir and tin disiiim from tlu 
fiilcruni to tlu liiu ot u tion ot tlu wtit^hl tlu n 


Clockwist inoiiu Ills 

(ountii tlo(kwis( monunts 





li 

^ d^p - a ^d, u 



Example 13 A \alvt weighing 41b is 3111 in diairnttr, and 
tlu distana fioin tlu cditK of tlu \al\( to tlu fnlcruin is fin 
1 he weight of the k\(risiolii and tlu dutance from tlu fuUium 
to the centre of graMt\ is 10 in llu k\tr is 22 in long Cal- 
eulate the weight that must be hung on tlu lever at the distance 
of 22 111 from the fulcrum in order that llu stiam mav blow off 
at a pressure of 60 lb per sq in 




36 


mining machinery 


' Solution. W « ^*‘7854 X 3^ X 60 - 4) 4 - 10 X 10 

22 

= 71*8 lb 


Dead-weight Safety Valve. Fig 15 gives two vie\^s of a 
valve of this type, and it is seen that the valve consists of a 



lie i(> High I Ki SSI UL v\n low waii-rSaili^ Xaims, 


pipe that IS attached to the mounting block on the top of the 
boiler, the valve surmounting the pipe, and both being enclosed 
by a case that hangs from the valve. The case contains the 
weights sufficient to keep the valve on its seat against the 
normal pressure of the steam The combined weights of the 
valve, case, and weights must be equal to the pressure of the 
steam in pounds per squaie inch, multiplied by the area of the 
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valve exposed lu the act ion of the Steam, tlms: W 07854 i/*/. 
Such valves require frequent examination aiul cleaning to 
ensure that steam blows oft at the desin‘d pressure, for the}’ 
are liable to get silted u}> with mineral inatttT carried through 
the valve with the steam. 

Low-water and High-pressure Safety Valve. This \alve is 
designed to blow oft when the steam pn ssiire is liigh i nongh to 
overcome the moment of the weight combiiieil with tlial of 
the lever about the fulcrum, or when the level ol the water 
in the boiler becomes dangi rously It»w*. big. ih givt‘S a section 
of the valvc‘. The arrangement consists ot ;in outi'r body A. 
which contains the outer valve /) an<l the inn< r \alve I\, the 
latter resting on a seat fornu'd in the outt r valve, iK'ing held 
down by the weights (), thuuigh the nudiuiii (d the ri'tl 
The outer valve is the high-pu‘ssure val\’(‘, and when the 
pnssure of the sttani attaim the blow-ott piessure tlu' miter 
valve, logc'ther with the inner one, is raiscnl from its s(ai 
against the combiiu'd fouws of the wt i; ht on the !< vi r ami the 
w’eiglits hanging on the rod />. A tile-lloat (i h. mgs at the end 
of a rod K, and is a l)al<m((‘ weight at the other end of tlie 
lev(‘r which is piv’oted at the point b. // is .1 1 oll.ir, tia* position 
of which is adjusted by the nut /, and it will be sti‘11 tlial a.s 
the lev’el of tlie water in tlie boiU i fall.* the tloat also falls <ind 
raises the balance weight, and when tlie float falls d.ingerously 
low^ knife-edge on the lever engages vvitli the collar attached 
to tlie rod B and opens the* inner \\\\\v (r) the eseapt* of sti ain. 

Reducing Valve, big. 17 i*^ a sectional v'i(‘vv of a lIopkins(jn 
reducing v’alvc. The function of sueli a valve is to ttfeel the 
reduction of the pressun* of the stc'am generattcl at high 
pres.sure to suit the rec|uir(‘ments ol engines <lriven by steam 
at a lower pres.sure, and their use is a lu'cessit}' where the 
boilers in a range are not all generating steam at the same 
pre.ssure. The inflowing sttam is admittcal between the valv’g 
B and the piston K, which is coven <1 l>y an india-rubber 
diaphragm H. The pist< n and the v.ilve are in equilibrium on 
the inlet side of the reducing valve. A column of water E 
is interposed between the steam and the diaphragm, and the 

4 — (T.546«) 
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column is maintained by the condensation of steam entering 
the valve. The nut is adjusted until the pressure of the 
stf^am on the outlet side of the valve is that required. The 
compression of th(‘ sy)rini4 is accomj^anied bv the opening of 
the valve, which is not now in e(|uilibriiim under the differential 
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piessiirc ot the .sti.iin (»n its u})pt r and lower tact‘s Jhit the 
dillerenee of pressure is bdtinced i)y the pi(‘ssuie exeitt'd by 
the spring. 

Hopkinson-Ferranti Steam Stop Valve. This valve was 
iintaited ])y the htinou.s tlecuical engineer S. Z. de Ferranti, 
and it eiubodie.s a j^riiu ijde eiiuuei<iied in th(‘ “ theorem of 
Hernouilli." Since the total eiurgv in unit mass of a fluid 
flowing through a tube of var\ing diameter is constant, it is 
apparent that the kinetic energy in unit mass of steam flowing 
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through a Hopkinson-Ferranti stop valvo (Fig. iS) nust reach 
a maximum in passing through Uie throat, and conseqin'ntly 
the pressure energy there must reach a minimum value. The 
illustration shows that the steam passage is convergent 



towards the valve and diverKeiit away from tlic valve. 
There is, therefore, less effort required to ojien th<' valve than 
if the conduit had been of the usual cylindrical fonn. and 
as the interior surfaces of the throat and the vcstiluiles are 
smooth, there is no serious loss of energy occasioned by the 
passage of the steam through th<‘ contracted pipe. 
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Pressure Gauge. Fig 19 shows the internal construction c 
a steam pressure gauge It consists of a hard-drawn phosphoi 
bronze or steel tube of oval section, bent to form, the free en 
being connected by linkwork to toothed segment whic 
engages with the pinion wheel on the avis of the gauge pointci 
As the steam piissurt increases the tube tends to straighten 
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ciiul the \ uiitiDti oi tlK sttam pi< is i(£,qsUi(d hy the 

inoMiinnt ol tlu ptiuilti loiind llu ^nuiuitid in of])Ussures 
The Is iisualK ]>i<)\idid with a sijihon to pu\tnt over- 

lualin^ ot the gau^t tube thus msuiing dccurac\ and freedom 
troni breakdown 

Water Gauge, big 20 shows partl\ in section, a Hopkinson 
wattr gauge toi itgistering the hught of the watci in a boikr 
It is mtessarx thit the guige should be arranged to auto- 
matic all\ cut oft the (seape oi steam and water should the 
gauge glass break and it must lx capable of bi ing tested from 
time to time at tlu eliseietion of the stoker This latter quality 
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of the gauge is rendered necessary by the fact that false water* 
levels are sometime.s registered. When the steam and water 
rocks are open the water and steam flow into the gauge glass. 



Flu zo. \\ MI K r,\rr,L 


but should tlie gla^s break the balls A and /; an sw<*pt into 
the positions indicated by the dotted rir( les to juivent the 
escape of steam and water A further pn^textion against 
scalding is provided by the use of guards of thick glass 
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surrounding the gauge glass. The gauge should be tested 
several times daily by blowing steam through the tube G and 
out at the cock F. 

Feed-water Valve. Fig. 21 shows the internal construction 



of chock-feed valve. The valve and its housing are attached 
to the front of the boiler in a position below the water-level 
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pKiinter, or in special circumstances it ma 5 ' be m< runted on the 
top of the boiler. It is seen that the automatic valve C is 
controlled b}’ the valve T, which is operated b}* the hand' 
wheel. The latter is an adjunct which has been rendered 
necessar}' to prevent tin* return of the water from the boiler 
generating high-pre.^sun* steam on the ct‘ssation of the action 
of the feed pump. The level of the water in the boiler is con- 
trolled by the wIuh I Aalve, and it is clear that the automatic 
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valve may be n -< uiKiitiom d wliile tlu boikr is nuclei sO-aiu. 
The* working p<iits aie i:i<ide ol bu>n/c‘ and the body is made of 
cast steel. 

Feed Pump. big. 22 rejmsc'uts a (lu])U \ i)oiIer feed |)uiuj) 
capable of supplying water to a boiler at pressuies uj) to 
220 lb. per .s(|. in. Tlie piston lods aie of st< c I, fitted with cast- 
iron pistons and rings ; the slulling-box glands are of brass in 
the smaller .sizes of punij), and of cast iron with brass bushc-s m 
the larger pumps. Pumps of this class are fitted with cast-iron 
adjustable buckets packed \Nilh comjiressed canvas, or with 
brass buckets when hot water has to be dealt with In either 
case the cylinders arc fitted with brass liners that are easily 
renewable. The valves and seals are of brass, and t he valves are 
controlled by brass springs. On examination of the water end 
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of the pump it is seen that the valve cover can be removed 
without breaking any pipe joint. Plugs are fitted for draining 
the steam cylinders. This pump is made in sizes varying 
from 3 in. by in. by 3 in. to 10 in. by 8 in. by 10 in. and 
capable of delivering from 90 to 7800 gahons of water per 
hour at bucket speeds of from 10 to 30 ft. per minute. There 
are two steam cylinders and two pumps, and it is seen that the 
valve of the nearer engine is operated by a crank driven by the 
other engine, the connection being made to a bolt attached 
to the piston rod in the manner shown in the figure. Both 
engines are operated in this way. No air vessel is shown in the 
figure, but that may be attached when necessary. Turbine 
pumps are now being used to feed boilers ; they possess the 
advantage that they need not be stopped when the boilers 
have been fed, for even if the valve in the delivery pipe be 
closed down the impellers of the turbine will merely absorb 
a little power in churning the water in pump casing, and when 
the demand is made for water by the stoker opening th(‘ feed 
valve the pump will immediately deliver water to the boiler. 

Feed Heaters and Economizers. The exhaust steam from 
non- condensing engines may be used to heat the feed water as 
it passes from the feed pump to the boiler. This may be done 
by passing the feed water through a heater. Such a heater 
consists of a number of ])rass tubes arranged vertically inside 
a cast-iron casing, the tube.s extending between two parti- 
tions at cither end of the heater, which usually occupies the 
vertical position. The steam inlet is near the bottom of the 
space between the partitions, the outlet being near the top. 
The water inlet is at the top of the heater and the outlet at the 
bottom, thus employing the ])rinciplc of counter currents. 
A blow-off valve is attached to the bottom of the heater, and 
a door is provided to enable sediment to be cleaned out 
periodically. Wlien it is desired to heat the feed water by 
means of the waste gases passing from the boiler furnaces an 
economizer may be used. This is an appliance which forms 
part of a steam plant when it is desired to effect some mea.sure 
of economy in the consumption of fuel by heating the feed 
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water on its passage through tlu pipis hading from the food 
fiKump to the boilei The ttinpiiatun ot tlu tied v\ator may 
be increased b\ loo per lonl a'* ii ])assos ihiough the econ- 
omizer If, foi c\am]>h. icul watii is luattd iiom 77 h to 
194® F in its jiassaee through an tionoini/u tlu iinionnt of 
hc^at rt(o\ered from tlu lUu* gasts pi r pound ot fuel Wdtei is 
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(I94 - 77) 11715 111 I , and dionlil tin lot<il 1 m <it p( 1 pound 

of steam lu 1170 P> Ihl , tlu iHmmimn «>1 tlu < i oiionu/c^r 
would be 10 pM n lit Iii\c ligdions sIman that tlu saving 
effected b\ the usi of an i(onoini/«r ma\ 1 m ionsid<iabl\ 
greater th<in 10 per tint tirttn s is ,i will ktuAvn < i ononiiz^ r 
of this t^pe, and consists ot a nunibi 1 of \< rtii <il tubi s through 
which the feed waUr is pumjx d 11m tubis ait arranged in 
groups and art' ]>lactHi in tlu iiuun fhu bt tvvt t n tlu boilers and 
the stack Fig 23 shows the arrange mt nt of the tube s and the 
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manner in which they are connected together at the top and 
bottom. The water ascends the tubes as it is heated, and thu^ 
tubes are connected so that the water flows through the 
economizer in the opposite direction to the flue gases, thus 
ensuring the maximum recovery of heat from the flue gases. 
Soot and tarry matter are deposited on the tubes, and would 
reduce the efficiency of the economizer were it not for the 
action of the scrapers, which continually scrape the deposit 
from the tubes. The deposit is allowed to collect in the soot 
pit, from which it is removed periodically. The illustration 
shows the mechanism by which the scrapers are operated and 
the lever safety valve which is ordinarily fitted to the hot-water 
pipe to guard against undue generation of steam pressure. 

Superheater. The apparatus in which the additional heat 
is imparted to saturated steam is called a superheater. Fig. ii 
shows the form of superheater attached to the Babcock dc 
Wilcox tubular btiiler. It consists of a number of U tubes, 
which are secured at each end to horizontal boxes and placed 
in the combustion chamber just under the steam and water 
drum. Steam is conveyed to these tubes by means of vertical 
pipes connected to the bottom of the steam drum, and it is 
seen that the pipes convey the steam to the upper connecting 
box and from the lower connecting box to the stop valve on 
the top of the boiler. As the steam passes through the super- 
heater its temperature may be increased by 50 per cent, thus 
the steam is dried and the loss by condensation during trans- 
mission and in the engines using it is less than it would be if 
saturated. It follows that there is less liability to accident with 
engines that work intermittently. Due to the higher tempera- 
ture of superheated steam, engines using it must be lubricated 
with oil having a higher flash-point and greater body than 
that used in lubricating engines using saturated steam, and 
it is necessary that a high-cla.ss packing material, preferably 
metallic packing, should be used in the stuffing boxes of the 
engines. The superheater attached to Lancashire boilers is 
similar in construction to that shown in Fig. ii, and they are 
usually placed in the down take flue at the rear of the boilers 
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SO that the hot flue gases pass through the tubes on their way 
from back to front of the bottom flue. 

Induced Draught. There are three methods of inducing the 
draught necessar}’ for the complete combustion of the fuel 
used in firing boilers, and these are : (i) by a chimney ; 
(2) by means of a fan in circuit with the main flue ; (3) by a 
fan out of circuit with the flue. The tir>t method is commonly 
used at collieries, but either of the other methods may be used 
where a chimney has already bei*n installed and found to give 
an inadequate draught for the proper combustion of fuel, 
either because the fuel is of a lower grade than had Ihtu us<‘d 
formerly, or becau.se the latei installation of ectmomizers, and 
possibly superheaters, had so increased tlu* resistance to the 
passage of the flue gases that the di aught was inadecjuate. 
Local building regulations in.iy require that a chimney should 
not exceed a certain height which would be (juite in d- (juate 
for the producthm of draught by th( simj)le proct'ss of a.>pira 
tion, and in consequence a small chimney may have to be 
built, the additional draught l)eing inducted by humus of a 
suitable fan. 

Chimneys, ( hiinneys ol a jv rni.inent cliaraeter are built of 
brick to a height and of a diameter dt pendent on the amount 
and quality of the coal to be burned pi‘r hour, but if the 
structure is to be t(‘m})orary it ma^’ b(‘ in.uie of steel, in sections 
of suitable length, to facilitate transport .ind (Ti'ction. As a 
rough guide, chimiuys 100, ijo, and i()5lt. high will give a 
draught suitable for burning 20. 25, ami ^^o lb. of bituminous 
steam coal per square foot of gral(* are.i ]>er hour n‘S})(^ctiv<‘ly. 
The practice foll(;wed in building brick ehimiu'ys is to make 
the diameter at the bas(' not less than a tenth of the height, 
the batter on the outside being 0-3 in. to the foot. I he thick- 
ness of brickwork at the top may vary from one brick to one 
and a half bricks thick, the thickiie.ss being increased by half 
a brick for each section of 25 ft. from the toj), and it is usual to 
build a firebrick lining from tlie ba.se to a height of 50 ft., with 
an air space between that and the outer brickwork. 

The area of cross-section of a chimney at its smallest part 
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may be ascertained by the formula, A = 0*062^ H, where 
A is the area in square feet, Q the quantity of coal burned per 
hour in pounds, and H the height of the chimney, is dependent 
on the temperature of the flue gases at the base of the chimney 
and the desired intensity of draught. The relation between 
the height of the chimney in feet and the water gauge in 

/ 7*6 7*9\ 

inches is given by the formula, p — j’ where t and 


T represent the absolute temperature of the outside air and the 
tine gases at tlu* base of the chimney respectively in degrees 
Fahrenheit. The average water gauge given by colliery 
boilers is about i in. at the base of the chimne}^ and 0-4 in. in 
the side flu(‘s. Tlu* temperature may vary from 240° F. to 
750° F., acconling to the steps taken to economize heat, and 
in practice should mor(‘ closely approach the lower figure than 
the higher one. There is a considerable difference of opinion 
regarding the atlvantages of chimney draught, but there is 
little doubt that the chimney as a draught-producer is a 
thoroughly unwieldy and ineflichmt ajipliance. 


Example 14. Cakul.ite the height and inteinal diameter of a 
( lumiioy siiit«Lble for prt)diRing the draught necessary for the 
combustion of ()ooo lb. of coal per hour, assuming that the 
tem])erature of Ih- tluc gases c\t the bjise ot the chimney is 500° F. 
and that of the outside *iir is 60° F. 


Solution. Let the required water gauge p be 1*25 m., then by 
the formula, 

w. have ...5 h( _ 7-9 \ 

\ t I J \^45q t bo 450 -f- 500 J 

--- H (0-0146 - 0-0082) 

and H - 1*25 r (0-0146-0-0082) ~ 193 ft. 

O’ 062 X 6000 

Hv the formula .*1 — 0-002O - \ //, we have A — — ~r 

= ' - 26-76 stp it., and tlierefoie the diameter of the chimney 

would have to be 3-9 ft. 


Induced Draught Fans. Fans of the Sirocco type are suit- 
able for use in connection with boiler plants, and in one case 
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the fail may be in circuit with the flue, the wlioie of the flue 
gases passing through the fan, hut the fan may be out of circuit 
with the main flue being placed in a by-pass connecting the 
main flue with the base of the chimney. In the former case 
the fan deals with the total volumt* oi flut* gases ami must 
therefore be comparatively large, whereas in the latter case the 
fan may be smaller, since it only deals with a }H>rtk>n of the 
flue gases. When the latter arrangement i^ used the gast's are 
discharged by the fan into the throat of a X’entiiri eliinmey. 
A Venturi chimne}- is one which ri.ses as a cylinder from its 
base, and at a certain lu'ight has a gradually diminishing 
diameter down to the diainettT of the cylindiical tin oat, 
upon which is built a divergent section ta[H‘ri to the lo]) of the 
chimney. As the gases issiu* fioin th(‘ ian inlet into the bas" of 
the tliroal of the chimiu y at a high veloc ity, tlu* pressuie there 
is rediiec'd below the prc'Ssiire of the atinospluie, and eem- 
sequently a current is establislu‘d in tlie in.iin Ibi' and in the 
individual fliu* of the sc'veral boiUis. This systcan poss(‘S.ses 
the distinct advantage's th.it the struc tun* m.iy b<* small and 
that the volume of air jussing in to the boiler furn.u‘es ean be 
regiilat(‘d by regulating the q>eed of the l.ni, but if the* installa- 
tion was a large* one seve nil diMUghl units would be* ne'Ct'ssary 

Mechanical Stokers. The* main obje e t aiinc el at in the use* of 
mechanical stokers is the* unitorin distribution of coal over the 
area of the boiler furnae'e in orde*r that there will always be* a 
red fire at such a temin*rHliire as to ensure that combustion 
will be complete and srnoke‘le*ss. ( oal may be* sj>read over the 
lire from abow, the grate being fixt*d or moving, or it may be 
pushed up from under the le‘ve*l of the* lire'-bar.s by means of a 
ram or pliingeT, the ash being carrie*d to an .'isli“])it behind the 
grate or allowed to fall through the flre-bars into the* ash-pit 
under the* fire-bars. 

Underfeed Stoker. Fig. 24 shows tin* underfee*(l rnc'chanical 
.stoker in sc'ction in the furnace tube of a Lancashire boiler. 
A is the retort or fuel magazine, in the lower or circular part of 
which revolves a tapered feeding worm whicli conveys the 
coal to the furnace proper. IJ shows the terraced grates, C the 
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wind box, and D the fresh coal, which, being gradually pushed 
up to the burning point, has commenced to burn at the point 
where it meets the incoming air from the tuyeres F and F 
Here the coal is coked, and the volatile combustible constitu- 
ents mix with air admitted through the air inlets in the fuel 
magazine. As the only way of escape is through the mass 
of glowing solid fuel al:)ove, the volatile combu.stible consti- 
tuents are ignited on rising to the surface of the fire and burn 



smokelessly, j)rovi(led the draught is regulated, while tlie com- 
bustion ol the solid portion of the fuel is completed by the air 
introduced through the apertures in the sides of the terraced 
grate at B. Tlie (‘tfect of this method of feeding is to keep a 
peqH'tuall}’ clear, bright surface of incandescent fuel which 
always produces its maximum steaming effect upon the boiler 
without the inevit-able fluctuations of furnace temperature 
consequent upon hand-firing. 

Babcock & Wilcox Chain-grate Stoker. Fig. 25 shows the 
general arrangement of the chain-grate stoker. It consists of 
an endless chain of short cast-iron grate bars linked together, 
and as the endless chain passes over drums at the front and 
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rear of the grate it can bt (in\tn from i vhaft running atrosb 
the front of the boikr llu front drum is caiistd to rotate b\ 
uorm gearing and glaring is pro\Kkd to tnabk the whole 
stoker to be run bick dear of thi front of tlu boikr The 
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coil which is fed into the hopper plucd it the fiont of the 
funiiee is ek h\ e r< el to tlie ehnn inel is spn id umformh over 
the whe^k width of the grite tlie Ihic kne ss of the file 1 be d lie mg 
regiilitedbv the vertie ill\ sliding irr inge me nt of doors at tlie 
dischirge of the liopper These doors ire arringed so tint in 
an cniergcnev the boikr m i\ !>e find b\ ti ind I he coil is 
carried forvN ird to the isli pit at the bick of the grile at a 
speed of from 5 to 15 ff hour acconiing to the character 
of the coal used ind the inte nsity of tfie draught As the links 
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are made so that there is no relative movement between them, 
the coal remains undisturbed until it is redilced to ash, when 
it falls into the clinker pit. As is seen on referring to Fig. 25, 
the ash and clinker arc removed in trucks. 

Having regard to the necessity, or desirability, of using 
natural draught when burning coal of average heating power, 
and meclianical draught when ])urning coal of lower grade, 
Messrs. Babcock & Wilcox have devised the well-known 
balanced draught system. Their “ enclosed ” type stoker is 
completely enclosed without in any way altering the original 
d(‘sign or losing any of the particular advantages of the 
standard cliain-grat(* stoker, the only essential alteration 
being that provision is mad(* for introducing air under pressure 
on the nndiTside of the grate. When burning coal of average 
(juality, the ash-])it doors are left opc*n to allow the furnace to 
h(‘ fed with air uikUt natural draught conditions, and when 
poor fuel has to b(‘ consunu‘d the front doors of the ash-pit 
are closc'd, and the air is admitted to the ash-pit under 
pressure, 'fhe oiuTation of changing from natural draught to 
halanct'd draughts, or vice versa, can 1 h‘ effected in a few 
moments, Th<' us(‘ of this system admits of complete control 
over th(* regulation of the draught, and consequently various 
grad(‘S of coal may be ellicienlly consum(‘d merel}^ b}- making 
the necessary adjustments of the draught to suit the quality 
of the coal, the thickness of coal depohited on th(' gratt*, and 
the speed at which the chain is driven. 

Steam Pipes. The j)ijK‘s used to convey' st(*ain from the 
boilers to the engines at a collier}’ are made of cast-iron or of 
steel, tlie former metal being used for ])ip(‘s of comparatively 
small diameter and the latter for pipes of the larger diameter 
used to convey large quantities of steam per hour. In either 
case the flanges are made solid, and the pipes are carried on 
brick or st('el supports. Anchorages are providt'd between the 
positions of expansion joints so that the latter may function 
properly, and it is necessar}’ that water traps should be 
attached to the pipes at suitable points to enable the water 
of condensation to be automatically removed as it accumulates. 
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Flow of Steam through Pipes. \\ hi ii stt a in ticm s through «i 
pipe pn ssiirt is lost in o\(rconung the tru tional UMstaiue of 
the pipe, and c>pt iiiiKiits haM shown th.it tht loss of pu ssure 
is proportional to si^^uan of tin mJo( it\ o/ iht st(,nn and 
of the length of tlu pipe and inxerMh piopm tional to the 
diameter of the pipt If r lx a to < liu u nt which dc pt nds on 
the roughness of the mterioi of tlu pipe wi in \ wiitc that the 
loss of pressure - 


where / is the length of tlu [upc - tin \t Uu it\ of tlu steam and 
<fthe eliame te r of the pipe If i< pit st nt > the vohinu ol steam 
flowing thiough tlu pipe pt i unit ol time inel 1 is du iit \ of 


the pij)e then (> 


-re/ 7 

h but sn,e ( r 

4 


4C> j 

rre/- 7--e/ *</ 


and 





Ihe \ ahie of e de jH nels on the i einditnui ol the pipe md on the 
ell line ter but it nsu ell\ 1iktnte)be ippioxnn ite 1\ eejinltej 




mel the foniiul i bee oine s 



1 his foimula in i\ lx eoiueiteel to the moie eeuuernent 
form 



DJui * 



in whuh H weight of ste im in pounds per minute 

D dtnsit\ of the ste un in pounds pe i e uhie fool 
h loss ot pressure in pounds per sejuaie inch 
d — diameter of pipe in inehes 
I — length of pip^ m ft e t 


5 (T54^^fe) 
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Example 15. Calculate the weight of steam that may be 
conveyed for a distance of 300 ft. through a pipe 20 m. diameter 
with a loss of i lb. of pressure per sq. in. The absolute pressure 
of the steam is 160 lb. per sq. in and the density 0-357 ^b. pei 
cub. ft. 

Solution. 



26. Royles’ Water Thai* 


It would bi* easy to make up a table to show wliat weight of 
steam could l)(‘ conveyi'd lor certain distances through pipes 
of different diameter with a reasonable loss of pressure. 

Water Trap. This is a device which is attached to the steam 
pipe tor the jnirpose of draining off the w<iter formed by the 
condensation of the steam as it pass(‘s along the pipe. Fig. 26 
show's the form of water trap made by Royles, Ltd., Man- 
chester. It is sik*n to ctmsist of casting having a n*niovable 
cover seciin'd in position by bolts. A is the body of the trap, 
H is the coupling by which the inlet pipe coming dowm from 
the steam main is joined to the trap, C is a cistern having a 
valve D attaclied to the bottom of it for the purpose of 
' oi>ening or closing the low^r end of the outlet pipe E. F is the 



BOILER ^CCLi*SORILS 


55 

outlet, and G is tin joint to uluth tlu drain pipe is attached. 
J1 we consider that tht cistern c is einptv in the hrst instancv, 
and that water of condensation inter> h\ the pijn* B, it is 
appdient that the cis+cm will tlciat on tlu water in the trap, 
thus closing tlu \al\e /), hut tlu w itci tontmues to ns< until 
it overflows into^tlu cistern Wiun tlu eisteri has heeoine 
hlled to tlu top it sinks anel in sinking tlu n d\c /) is i)peneei 





Fig 27. Hotmnson Ccmiosiii I m )ol^ i 


and the water in tlu eistein is ejected Iroiii tlu ti.ipinuler the 
pnssiiie ol tlu ste<ini iii tlu iii.iin llu enteni ag uii floits, 
and m rising e le>s( s tlu \ il\e /> tlu height tliiongh wine li the 
cistern cjn rise being ele te iinine el 1>\ the ulpistnunt ol tlu* 
spinelle shown iii tlu tigiiie I he use ofsueli \ traj) pre \ t nts 
tlu watei oi e onde ns ition he ing eairuei to llu ste.nn engines 
anel peissihls eolleeting in tlu e\hiuUis e)l sue li engines with 
the risk i)i s( nous ace lelent on tlu le sumption ol ojm i.itions 
Expansion Joints. Me am pipc'^ nmst alw.i\s he aiiaiiged s<i 
thcitthev are free to e \p<nui le»Tigitnelinall\ due to tlu changes 
in their te injx ratine Oeeasionall} it is desinihle to anchor 
them at ee*rtaiii points so that tlu e \pinsion takes pjaee in a 
precletermiru cl elinction where jiroMsion is made for any 
nunement that rna\ occur If tlu piping lay out has a number 
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of bends throughout its course there may be no need of expan- 
sion joints, but in long, straight ranges of steam pipes some 
form of expansion joint or expansion bend will be necessary. 
It is usual to recommend that high-pressure steam pipes should 
have provision for expansion every 40 to 60 ft. of straight 
run, and from 80 to 100 ft, when low-pressure steam is used. 
The greater the provision made for expansion the greater will 



he the durabilit}^ of the jointing material at the flanges. 
Fig. 27 sliows a s('ctional view ot the bayonet pattern of 
ex]>ansif)n joint. The Hopkinson composite joint is made of 
cast-iron or cast-steel and has bronze sliding parts. 

In the steam main conveying steam at 115 lb. per sq. in. 
absolute from the surface to a pump at a depth of 300 yd. at 
Neilsland Colliery,'' Hamilton, one expansion piece of this form 
was installed at the top of the upcast shaft on the outside of 
the housing, where the packing of the stuffing box could be 
attended to and no steam could escape into the shaft. The 
joint was efficient and was capable of giving an extension of 
20 in. When the variation of temperature is 7 '° F., and the 
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dt‘pth of the shaft i.s reproiionted by the cxH‘fficient of linear 
expansion htin^ ( , the length ot the expan.sion piece must at 
least be that gi\en hv the ]>rodiict ( 1)1 . hig jS shows the 
three-piece expaiibion l)eiul umimonh um‘iI when the bore ol 
the steam main exct^eci.s 8 m It max' b(‘ cKrteii in tht' \ erticaJ 
position or it 11^13* supported in the hon/.oniaJ position u|w>n 
three pillars placed one at each tmd cn tin* puce and the other 
at the middle ot t]\e bend. A Mnninon form of suppoit con- 
sists of a pillar of bnckwoik upon which is laul an iron plate, so 
that a short circular rod of iron ina\ he used as a rollt‘r for the 
steam pipe to roll upon The suppoit iu.13 also In* made ol 
wood or inai or steel. 

Lagging of Steam Pipes. .Meam pipis slnnild always be 
covered with non-conduct mg mat(‘nal to a d(‘pth of at lea..t 
2 in to ])r(*\’('nt loss ol ht‘at by ladution, and cons<'quent 
conch'iisation of some ol the steam When suptrlu ett d steam 
is Used the pipes should first In co\(‘»ed with about \ in of 
asbestos composition, after whuli tin* pulp ordinarily used is 
applied. The plastic (overing is applu tl when the pipes are 
hot, and it may lx* n'infoiced if subject to vibration 

HI <1 \A<1 \( !• HOOKS 

Stfam and Othet 1 ugiin , b\ l)iiuca.n. 

4 Vext hook of Jltut 1 ngints,hy jaitiKsoii .uid Viultfws. 

Motive Po i er h ngnuei ui‘: fio I ncnietttug and Mining Stadnit'^, by 
Harris 

1 {XKK( ISE CJUKSIIONS 

1. Show by skctclies how \ou would ( oniu‘cl tlie individual 
boilers of a range to tin* < oiiinioii feed w'alei main What are the 
vaiious means of luatmg i(<d-wattr •' 

[lud ( /ass Lxam , (let , i<i2i ) 

2. In conducting steam through a long range of pijies, what 
precautions w^ould sou take to get tlie best elln icncy at the engine 
using tlu‘ steam, and reduce* Ihe iisU of bnakdowns •' 

{ 2 nd ( /ass lixaw , <)M , i*f2i ) 

3. Describe a gauge glass and tiltmgs tor showing the level of 

the 'W’ater in a boiler. If ^’ou suddenlv iiotiu'd that no w^ater was 
showing in the gauge glass of a Lancashire l)oiU‘r under steam, 
wliat would \ ou do r' (2w«/ ( /ass Jixam , May, 1918. 

4. In order to complete a pipe range a straight length of cast 
iron flanged pipe is wanted, 9 ft long over flanges and 6 in. 
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internal diameter, with one dangeti branch bin. diameter at 
2 ft. 6 in. from one end J'hc distance from the centre of the pipe 
to the face of the flange on the branch is to be g in. All flanges 
are to be 12 in in diameter by i in. thick. The metal of the body 
of the pipe is to be | m. thick 

Make a drawing of the pipe to a scale of J in. to the foot, showing 
all dimensions required for making the pipe. 

5. De.scribe with sketches how you would erect a steel chimney, 
5 ft. in diameter by 50 It. high, made of plates { in. thick. The 
complete chimney is lying on the ground to start with and must 
be pla(.<*d on *i brickwork bas<‘, j ft. high, prepared for it 

(ist Class Exam., Mav, igig ) 

0. In connection with a new colliery being laid out on a largi‘ 
scale and needing underground power for pumping and hauling, 
describe the measuies to be taken to economize in the consumption 
ot toal. {\st ( lass i'.xam , .Mav, i<)iH ) 

7. Describe the construction of a ilead-weight safety valve, 
and state the precautions \ou would take to ensure that steam 
would blow oft at the desired pressure. 

8. Describe the constiuction and action of a tiressuie-reducmg 
valve, and state the circumstances m which such a valve might 
)>e used at a colliery. 

g. Sketch and desciibe the Hopkinsou- Ferranti steam stop 
V alve, and state tlie principle upon which its construction is based. 

10 An expansion joint is to be connected to a line of screw- 
jointed malleable iron pipes, 300 ft. long, conveying steam at a 
temperature of 305"' V. Describe alternative forms of expan.sion 
joint and calculate the amount of exjiansion to be allowed loi 
when the pipes cool to 30° F. 

11 Describe two methods of causing the tlraughl neces.sai v 
lor the combustion ot bituminous slack in the furnace ot a 
Lancashiie boiler, and state the possilile disadvantage of the use 
of the steam jet for that purpose. 

1 2. Descrilie the construction ami action ot a (iretui economizer, 
and draw^ a plan to show the position of the economizer lelative 
to the boileis to wdiich it is connected, an<l the arrangement by 
which the hoi gases are conductetl direct tvi the chiinnev without 
passing thniugh the economizei. What is the advantage of an 
economizer I 

13. Describe a siijierheater as applietl to a water-tube lioiltT 
or to a l.aiicashire bc.iltT What is the objei 1 of siqierlieatiiig 
steam ? What provisions are necessary in the construction and 
operation of an engine to eiiablt* it to use superheated steam 

{ 1 st Class Exam , Nov , ig22.) 



CHAPTER IV 

STEAM-ENGINES AND AUXILIARY PLANT 

iHiu steam-engines used at collierie.s may ht* ul tht^ vt'itical 
or hoiizontal type, with one, two, oi even tlm*e eyiind»*rs. The 
small engine used to drive the screening plant may have hut 
one cylindei, and the engine used to drive the fan mav he of 
similar simple construction, if small, hut it tht‘ |>owi*r reqini« d 
for v^eiitilation is high the fan (‘iigine may have two cylinders 
arranged in tandem, the steam being useil expansively m both. 
Haulage engines may lx- of similar construction, or they may 
be cross-coupled. likt‘ jniinping and winding engines, the steam 
being used rxpansivt ly and condenst ti. oi exhar .t*'d to the 
atrnosphen* oi to a stt am acciimulatoi 

Compound engines .ne us(‘d in oid' i that et'onomy may he 
ellect(‘d in the use ol steam, hut should it he nectssary to 
generate electri('ity oi compiess aii foi tiansmission to remote 
paits of mines the engines <*u the suiface may he designed to 
exhaust steam into a sttMin acj iimulaloi lot tht‘ supply of 
steam to turbo-geneiators. There aie, theu lore, two distinct 
methods of economi/ing in tin* use of steam, and that method 
used in a particular case is dettu mined mairdy by tht* method 
employed to transmit powe r to undei ground machiiit iy and 
the type* of winder used. 

Coal Consumption. The utility <if the v.irious types of 
<*ngiiies Ilia}’ he compaied on the* h.isis of c'oal consumption 
}K‘r indicated lioise-powei pel houi 1 In* following figures 
aie t\'pical — 

I'or lUHi-condon •'HI” . . i 0> >A lU pei » h p lit 

.. toiulensnij.> en^iiie*^ , . . . , t«M 

,, coiiipouiui lion t > l(i ^ 

,, conipounii IT tndiMisi 11 ^ engine'. , . i-Oto.i -5 

,, triple-expansion 1 ondensing engiiios . i sin 1*7 s 

,, steam turbines . . . 1 "> to l O", 

Principal Parts of a Simple Steam-engine. A steam-engine, 
as the term is ordinarily understood, is one in which thr 
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reciprocating motion of a piston is translated to rotary motion 
of a crankshaft. Tlu‘ pK'ssnre of the steam exerted on tlie 
piston is rommiinirated to tlu‘ piston rod and crosshead running 
in parallel -bar or trunk guides. 

Th(‘ force commimicat(‘d to tlie crossliead is transmitted 
by the connecting rod to tlu^ crank pin, and as the path of the 
crank pin is circular the moment of the force in the connecting 
rod about the crankshaft centre is utilized to produce rotation 
of tlu‘ crankshaft, and any pulley, drum, or wheel that may 
be attached t(j it. The reciprocating motion of the piston is 
produced by admitting steam alternately to the steam ports 
which connect the valve chest with the ends of the cylinder, 
and as the toifpie applied to the crankshaft is necessarily 
a varying one a flywheel is attach(‘d to the crankshaft to 
mininii/(‘ the fluctuations of speed. The distribution of steam 
to the steam j)oits and the pas.sage of st(‘am from the cylinder 
to the* exhaust port is t'ffected by means of a slide valve, and the 
amount of steam suj>plied to the engine is regulated by a 
throttle valve. Since th<‘ load on an engine may var}’ irregu- 
larly it is d(‘sirable t hat the suppl}^ of steam should be regulated 
automatically in accoi dance with the load. This is done by a 
governor, which is driven b}' a btdt from the crankshaft, and 
operates on the thiottle valve or a butterfly valve in the steam 
main. The slide valve is o])erated by some form of link gear 
which is dc'signed to enable the direction of rotation of the 
tmgiiu* to bt‘ reversed. Such gear is usually actuated by 
eccentric pulleys on tin' crankshaft, and the latter rotates in 
the buslu'd bearings ot the pedestals attached to the bedplate 
of the (Uigine, all bearings being lubricated by oil contained in 
suitable lubricators. 

Construction of Cylinder. Fig. 29 shows in section the 
cylinder of a steam-i ngine in which the distribution of steam 
is to be effected by an ordinary D sXido valve. The cylinder.^ 
the cylinder covers and the steam chest are made of grey 
cast-iron, and theie are two steam ports connecting the 
cylinder ^^ith the steam chest in addition to one exhaust port 
which connects the steam chest with the exhaust pipe. The 
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steam chtst is cast m om piece with the cylinder, and is pro 
vided with a cast iron <<)\cr that is secured in position by 
bolts lh< distribution of steam supplied to the engine is 
(thcted b\ UK aiis of tlu sluk \alve, which is actuated b} 
th< lod llu ( ylindt 1 and \ai\( clitst art made steam-tight 
by th< list of suitablt packing material held in position in 
iIk stufliiig boxes b\ int aiis (»f glands held in position by 
studs and nuts Ih< intt rioi and ends of the cylinder are 
tunud in th< latlu . and tht vaht seat is reduced to a 
>inootli suilaet in the planing inachim Holes an bore^d and 
t.tpiH d to rMti\( liibiicators indicatoi cocks and drain 

( 0( ks 

Piston llu pistons ot small e ngiiK s aie usiiallv rnadt of 
1 ist lion whtnas iIk pistons ot large tngines an made of 
lotg« d st< ( 1 oi ( ast st( ( 1 I ig 29 shows I cast-iron piston 
which is madt st< am tight b\ having sj)ting rings luted intct 
gfoo\< s tmiK d out ol tlu c out i( t sill ta( t of tlu piston Ihcse 
rings «U( tiuuK ol cast non ind an cut as ucpuicd tioin a 
hollow t > lmd< I of th( n <piisit< thickiuss inddianutcr, iiul 
tluv an cut m one jilact to enable them to be sprung into 
position on th< piston \\ lien the piston is placed in the 
e\hneki iiiel the steam is admitted to one side ot the piston 
llu piessnie of tin Nt( im tiiids to e.iiist leakage of steam to 
llie ollie 1 si(K ol (he piston, but th U is pnvtiitcd the 
lesilKiiee ot tlu lines wliuli puss InniK against tlu wall of 
the e\lindel 

Piston Rod. Sevei el nu thoiK in used teir illaelnng pistons 
to jastoii lods llu jMston lod ma^ In t ipend at I in b on 
the dianu U 1 and tlu piston st cure cl to it l>\ iiveting, but it 
IS mile h mou convenient to secure the piston to tlu piston 
loci b\ UK ails of a nut and lock nut 01 b\ a nut held hrinl) 
m position b\ a split pm pisMiig through tlu nut and the* 
pisUHi lod Having regard to the alte mating sties:>cs applied 
to a piston lod it is iin|H)rtant that that pait of the engine* 
slmuki be mack ot mild sten*! and that il should not be sub 
le e te d to stre sse s e \( e t diiig 5000 lb pe I s<l in III orde r that 
the stress should In limited to that siiecihcd, the diameter ol 
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tlu pistuii lod should bt punHHtioiud to Iht diaiiu toi oi the 
cvltnder, as pro\ided lot in tlu icpiation- 

~ 7T 

- i/-/ 

4 4 

wluu 1 ) Is tlu diaiiuui ol ilu ixhndti iii inches d tlu 
dianutd of the piston lod m inclns tin nuiMimim tlhctivt 
pussuie of tlu ''ttain in pounds |h i sq m . and f tlu sah 

stress in tlu inatiiial ol tin mmI When * equals *>000 tin 

/)^ 7 * 

abo\e (Xpitssion it dm is to d 

"•o 

Example 16. \ su am t n^mc li is i(\lmdei 2^ in in diaiuetei 

anti it IS supplittl vMtli st< am at hk» \\> pt*i sq m !>^ gauf^t 

laltulatt tlu minimum (li.uiutti t>l tlu pistcui ro<l 
Solution 

j 4 \ jot> 2 40 

d 4 4-1 m 

70 -o 

Stuffing Box and Gland 1 lu positions of two sinlling boxes 
aiul 4^daiids *iii shoun in 1 Jti om foi tlu [)islon lod, the 
olhei foi tlu \al\t rod In tlu t ast ol tlu fount 1 tlu stulling 
box is cast in oiu ]>U(t \Mth tlu lionl ( > lindt i to\ti anil a 
lu)li is bolt d out a woikinj^ hi at tlu unlit of tlu io\ti tlu 
stidluig box 1x111^; tuiiud in tlu Litlu to a dianu It i suilabli 
for tlu riciption t»f the jiaikini; nuittiial, which nia> consist 
ot lopc, asht stos 01 nit tallu pac kin{< Ilu mini surface of 
tlu gland is tniiud tti fit tlu pisttin lod and tlu outer suifact 
to fit tlu stuftiiig box, iiiid tlu gland is held in position b\ 
studs and nuts The packing is pnssid against tlu walls of 
the stuffing box and tlu jnstoii lod b\ sen wing down the 
nuts, OIU aftt I tlu otlui, aioiind tlu gl.ind Ilu \alve rod 
stulting box Is last with tlu steam (lust and tlu gland is 
secured to tlu stulliiig box b\ studs and nuts 

Crosshead and Guides. Itiat jiart of the (iigiiu 1 )\ winch 
the piston rod and connciting icid an ((iiiiuitid is i ailed tlu 
crosshead, and in the cast of small uigiiu^s tlu trosshead is 
fitted at tlu tads with slip|>trs that luii bitw'(en paiaiiel 
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guidti bars fittid to tlie bedplate of the engine, but in the case 
of large winding, fan, or cennpressor engines, the piston rods 
are attached to large blocks tliat slide within circular trunk 
guides. 'Die forked end^ of thr connecting rods are connected 
to the blocks by int'ans of gudgeons. The bearing surfaces 
of either form ol slipper an* designed to limit the bearing 
pressure to about 50 lb. per s(j. in., and gutters are cut in the 
surfaces to facilitate the lubrication of the sliding surfaces. 
Siphon lubricators aie used generally. 

Connecting Rod. As a general rule, the length of a con- 
necting rod should not be less than 2^ times the stroke of 




the engine. This is found necessary to limit the bearing 
pressuu* ol tlu‘ cio.ssh<‘ad slip|X‘rs on the guides. Owing to 
tlie <iltt*rnating stiesst> applied to a connecting rod, it is 
neces.s.iry (hat it .should be made of steel, and because of the 
teiuh'iicy to buckling and bending, esptM'ially in the case of 
large <‘ngines, it is usual to turn connecting rods so that the 
diameter is greater at the middle than at the ends, the 
[iroportion being about 1-4 to i. The connecting rod is usually 
attached rigidly to the crosshead pin, but, as is shown in Fig. 
30, it is provided Avith bushes at tlu^ crank-pin end. These 
bushes are adjustable and an* held in posititm by a cotter 
and pin. Hi ass bushes are provided, and as these wear the 
lx>sition of tin* cottt*r may be adjusted, and the diamt‘tral 
surfaces of the bushes may be planed, so that the bearing may 
not be allowed to work loose. 
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Crank and Crankshaft. The cranks of small engines may 
be made of cast-iron or cast -steel, but large I'ugines are usually 
fitted with cranks of mild steel that have been forged to 
shape, big. 31 shows a l(*iged crank and tlie method b}* whicli 
it may be fitted to the crankshaft and ciank pin. The ciank 
and crankshaft may be turned to gauge so that the crank 
fits the crankshaft, and the fixture is made by driving tajxTed 



I n. 31 I'OKf.KI) C'KANK WilH Shafi and J*in 


keys into key ways cut partly in the shaft and partly in the 
crank. The illustration shows a ciiculai k(‘y which is driven 
into a round keyway, which is bored after the crank has b(‘en 
sweated in position. The crank is lu ated sulfu icmtly to allow 
the shaft to be pushed into position, and on cooling the crank 
shrinks and grips tlie shaft firmly. Inn ther st‘ciirity is ol)tain<‘d 
by the round ki^y. Tlu* crank })in ma\' be fitted in tin* same 
way, but it is usual to rivet the j)in after sweating in jxisition. 
The sketch shows hoU's bored in the crank ])in foi the jnirpose 
of lubrication. The cianks of smaller engines and pumps are 
sometimes made by bending to form cranks and crankshaft 
from one piece of metal. The main bearings ujion which a 
crankshaft is carried are sub>tantially inad<^ and are provided 
with renewable anti-friction lineis and siphon lubricators, 
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«in<l tlu‘ wh(^lf thr engint^ is mounted on a soieplate of cast- 
iron that is bolted to the foundations. 

Eccentric Sheaves and Straps. Fig. 32 showj^ a pair of 
sheaves atta( hrd to a crankshaft ecrentrically, and the sheaves 
e.re sunounded by straps, which an* connected by two rods 
to tile op|)osite ends of a circular slot-link at the points /I and 
fl. The curved link is attached at the point C by another 
link of simple form to one end of a lever L that turns about 
a shaft at /* 'Die end of the valv<- rod attached to a block 



titti'd between the suh's of the curved link, and it is easy to 
see that as the ci.inksliatt rotates the \',tl\e rod will lie caused 
to reciprocate by the eccentric o}H‘iating th(‘ rod attached 
to the cur ved link at . I , and it will be n alized that if the engine 
IS at it'st and the link is i<iis( (l so that the end of the other 
< lumecting rotl tak<-.s up tlu* pi»sition foimerlv occupied by A. 
th(‘ valvt‘ rod will be operated by the eccentric to which B 
is conneclt'd The arrangement desciil>i‘d is Sti‘f>hensoirs link 
gt‘ar, and it is used to o}K‘ratt‘ the steam valves ol ivci procat ing 
eiigirus, enabling the engines to be reN'ersed by the simple 
act of raising or Imt'ering tlu* level L. 

Slide Valve and its Action. I’lg. 20 shows the form of the 
oidinau' 1 > slide valve and the method by which it is seemed 
ti» the valve rod The valve is shown in its mid-position, and 
It is st‘en that not only are both of the steam ports covered, 
but that the valve i»verlaps the jHirts. The amount of overlap 
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is called outside Uip and inside liif>, tlu* loiiiu i t^*nn applying 
10 the amount of oveilap from th<* outer t tlgt ol the steam 
pt>rt to the corresponding edge ol tht‘ v.ilvi‘, and tlu' lattei 
to the projt‘ction ol the iiiih r edge ol the valve beyond tlie 
inner edge ol tht' stt^ain port. Tlu* tiavel ot the valvt* is 
distanct‘ travelltd from one extreme positiiMi ti) tin* othei, 
and it is equal to t\vict‘ tlie <i mount ol t co ntiK UN* het\vei‘n 
the Clank and eaentiit sheave etiitre.s, i c. twia tlie thiow 
ol the eccentric. As it is gtiierally disiiable that the valve 
should ojvn bidoie th(* piston ai lives at the i iul ol the strokt*. 
the eccentric opiiating tiie valve is advanced beyiuid t!n 
position of being at rigid angles to the eiank \Nhen that is m 
eitluu* ol the (it *1(1 points The .iinount ol o{h mng is t‘all»d 
the leud, and the (tittle ol advtuue is the *ingle bi'tween the 
ceiitie lint* of the ecceiUnt' .md a lint* at light augl« * to tht* 
crank. It will hr n.idily undeistood Unit if th \.d\e is 
o[K‘rated by llu' (‘cttiitru' the , ingle bet\\et‘n tin* eiank and 
the centK* lint* ol the et'n'ntiie is .il\v*i\s ()o t angle ol 
advance*, and tlu* ecet'iitiics of .i ie\-eisil)le engine nnisi both 
he pkiced in tliat jiositioii with it‘spiel to th<* eiank. 

Keh'iiing to Idg 2 ii, it will bt* M'rii that wlien the v*ilv(‘ 
has iincoveied tlie Ult-Iiand jioil t>J iJit* engine the piston will 
be (MUsrd to move towaids tlu light, hut b»foie the stroke 
has been tompk'ted the v’alve will h.ive ('onmieneed to iiio\e 
to tile left, and having .idmitted sonu* steam tlu* motion ol 
the ]>iston will be .iiiesled b^ the enshioii ol steam thus 
provided. When tht* sti(»ke h.is lietii completed tin* lull 
piessuit* tjf the steam is admitted to tlu* light h.nid .side ol 
the piston, and the j)iston is pioju-iled foiw.iul nndei llnit 
pr« .sMire until tlie \ alve i etui ns and eiils oil the eiiti of ste«tm, 
the reinaindii ol tlu* stioke Ix iiig executed I>y tlu expansion 
ol the steam alieady in the eylindei I'lie v*il\ e is ju o]>oi tioiied 
so that tlu* expanded steam is (*\hausted *i little before tlu 
completion of tli(* stioke to it‘nder elleiiiv** the cushion ol 
steam on the othei side of the jdstoii 'I hen* is thus a cycle of 
events aptly descrilH*d as admission, expansion, exhaustion 
and compression, and oicniiing m tlu* oiihu given 



HypoTHETjcAL Diagram 

J3- ZkITNKR UlAGRAM 


Draw a circle ACBD, having a radius equal to half the travel 
of the valve, the lines AB and CD being at right angles and 
intersecting at the point O. Mark oft the angle a equal to the 
angle of advance, and draw the line EOF. Construct the 
circles having OE and OF as diameters, then with centre 0 
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and the outside lap as radius describe il\o arc GH. Also, with 
0 as centre and inside lap its radius, describe tlie arc JK. 
Draw the lines 06 , OH, OK, and 0/ and produce them to 
intersect the outer circle at the points L, M, and }\ The 
points ha^’e been projected dowiraaids to enalde a 1i\ jk>- 
thetical diagram of the steam distribution (o bt‘ drawn. Sinci' 



ordinates are [)ressuies to scale and the length of tlie diagram 
is a scalar representation of the length of tlu' cylindir, the 
diagram is a diagram of work. 

Piston Valve. Fig. 34 shows a section of a piston valve 
such as is fitted to the haulage engine shown in lug. 140. It 
is seen that the valve is placed in a cylindrical steam chest, 
that it is fitted with rings at both ends, that the sb'ain ports 
are situate near the ends of the piston, and that tlie piston 
is hollow and clost^d at the end by whicli tlie attachment is 
made to the piston rod. The piston valve is used in large 

6--(T.546«) 
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engines, e.g. the Worsley Mesnes winding engines at Gwauii- 
cat -Gurwen Colliery, Steer Pit, but they ma}’ be htted to 
siiialJer engines designed to be driven either In’ steam or 
compressed aii. A study of the illustration shows that when 
tlu* valve is moved towards the right the steam or air passes 
from the chest tlirough tht* sham port to the cylinder, thus 
causing tlu^ jiiston to move to the left. Meanwliih* the left- 
iiiiiid port is imcoveied, and the working stuit is exhaustt‘d 
to the atmospheo*. Ihe movement of the ])islon Vtdve to- 
wards the l(‘lt admits sttain or air to tin* cylinder to cause 
the piston to rnova* towards the right, <irrd it will bt* seen that 
tile exhaust steam or air will this tiirn* pass through the 
rriti rior ol tin* valve to lx* exhausttai at the Icdt-lrand end ol 
valve casirrg. k'ree exhaust tmables the ic(‘ fonned in the 
t‘xhau>i tKnt ot a com])ressed air <‘ngine to lx* dealt with at 
orrce, but nr tire irrtt iest of safety an exhaust pip<* would haw 
to be attacliid to the casing wherr steam is the working stufl. 
It is worthy of nott* that the valve shown in the illustiatioii 
Iras no steam or outside lap, but has J iir. of insid<‘ or exhaust 
lap 

Hackworth Valve Gear. On referring t«> Fig. 140 rt will be 
s«'en that the val\<‘ loil is attached to a link w'hich is c(»nnected 
at one end to a slipjKi working in a slide and at the other 
end to the crank pin. As the crank pin rotates the valve rod 
IS actuatirl, and when it is necessary to reverse the direction 
of rotation the valve is jmsitioned by the revei.sal of the lever, 
which is seen to In* attaclu*d to the .shaft U])on which tire slides 
are nunirited. Fire Hackworth gear is the parent of all radial 
gears, and is at once the .simph*st and iiio.st compact of tin* 
gt*ais Used iu the const ruction of engines for mining auxiliary 
.s<‘i vices 

Trip Valve Gear. 'Winding engines htud w’lth the ordinary 
slide valve arc notoriou-sly wastt ful of steam, and w'hile tlx* 
economical use of steam may not be of gieat im]>ortancc when 
engines are comparatively .small, tlu* matter does assume gieat 
iiniHirtance wlu*n a laige amount ol steam is rt*quired foi 
winding purpost*s. Trip gears are fitted to largt* steam 
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winders with the object of providing an earlier cut-ofif as the 
winding progresses. On referring to Fig. 35, which shows the 
form of valve gear fitted to winding engines by Messrs. Robey 
& Co., Lincoln, it will b(^ s(*en that the steam valve is placed 
above tht* cylind(‘r, and that the exhaust valve is placed below 
it. There are two steam valves to each cylinder and two 
exhaust valves, botli sets being operated by a system of levers 
from ecc<‘ntrics mounted on a lay shaft running at right 
angle to the crankshaft. Each st(‘am and exhaust valve is 
actuated by one eccentric, and the manner in which the valves 
are operated can lx* followed in studying the illustration. A 
governor of the jx‘ndulum typt* is fitted to actuate the trip 
mechanism, and it is operatt‘d by gearing from the lay shaft. 
The ecc<‘ntiic in turning about the lay shaft pulls down the 
main rod and with it the curved tripjxT, which depresses the 
vah'e-lifting lever by means of a hard steel tripping plate. 
Mounted alongside each main (‘cct‘ntric is the expansion 
eccentric showm in Fig. 36. This eccentric is at the top of its 
stroke when tlu* main (‘ccentric is in the position at wiiich 
the valve commences to opt'ii, and as the movement continues 
it dt\scends and pulls dowm the rod connected to it by d(‘press- 
ing a roller on the curved tripper. With the governor in its 
lowe st position, this roller never engages long enough with 
the cuivt'd lev(‘r to trip, but as the speed of rotation increases 
tile tri]) shaft is turned and the lever and links bring the roller 
lu'aier tlu* curved level, and it dis<*ngages the tripper from 
tlu* valve level as thi*^ is returning to its uppt‘r position. At 
tlu* liighest s]x*ed of tlu* craiik.^haft the tripper is prevented 
by tlu* rolJt‘r trom engaging with the valve rod and the valve 
remains clo.sed. The valve opening at intermediate speeds 
is conditioned by the })osition of the roller. The obvious 
advantage of sucli a method of ojXTating valve gears is that 
steam is admitted to the cylinders as it is necessary, and the 
expansive ]>ro|X'rty of steam is used to the fullest extent. 
When the tripping gear operates the steam valvTs are immedi- 
ately clos<‘d by the dash-pot springs. Reversal of the engines 
is obtained by the shifting of the eccentrics in the lay shafts 
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h\ means ot tht s]u\t ami 1« \<i 4»n piopTtiiig from 

th( flt)oi in 1 ig 

Corliss Valve Gear. ^7 shows i halt sKtional elt \ation 
of an t ngiiK c \ limit i hu h has c 01 liss \ al\ i s lit tt d to coniU'Ct 



1 K. ^{, llOf V\I\1 (a \R (iPNiKM \nw 

tht slcaiu and i \liausl polls ^Mth th< (\ limit t Jht vaKts 
die qlindncal shdt.s that an lotatid h\ lods fioin a wnst- 
platt pivott d on tin sidt of tht c\hnd<i in \t the tiip)ping 
mechanism Tht sUani tnttis at L. and is cxliausttd at h, 
the admission of steam being controlkd by tripping geai of 
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tlu Dohsoit vAiiabk It is easy to see that the clearance 

space necissar> for such vaivts is a minimum, and that by 
llu gnat length of the \alve the ]K)rt opening is great, hence 
the valve is tttectivi in passing laige- \e)luints of steam with 
small movement (»])erateei b\ simple valve mechanism 



< oihss gi ai IS UMel to e tte e 1 e ( oiioiiu 111 >l(am ( oiisumptiori 
on large fan winding and e ompn ssoi engines 

Indicator Diagram of Work James \\ itt de vised \ means 
ot it*piodu(ing pietoiiallv the changes vvhie h take place in 
tlu picssun c>l steam as the piston me>v^e s aleaig the e^linder 
He elesigneei a small ausihai} evhndti whieli was htted with 
d piston, ofxiated by steam iienn the mam engine cylinder, 
anel which had a yx ncil attache el to the piston rod As the 
}»ie‘ssure of the steam in the tMigiiu vailed, the jnston carrying 
the }X*ncil was pushed upwards against the spring, or was 
lowered undti the action of the spring While the pencil 
moved verticalh a she'et of pa pen mountexi on a suitable 
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boaid, wa‘> moved backward and toiN^aid acioss tlu 
by intans of a coid attached to the cross luad oi tlu eiigim 
The curve dra\vn on the paptr upKstiittd tlu vanations 
in the pitssuit of tiie am dutiiii; two siiokis <.»t tlu (Migint 
oil that sidt of tlu piston to whuh tlu indu atoi was attaclud 
Iht aica tiuiosid b\ ilu dia^iani divid d b\ tlu h nf»th 
t<iv(s tlu avtra^t lu i^dit of tlu thi^iaxn, uul tlu it lou iht 
mean prcssuri of the sttain 

Wlun sttani is adinitttd to tlu tvlindti t)l an tii^iiu tlu 
pitssnit bthiiui tlu })istt>n lists tlmosi it onct tt> tlu tn‘l 



i I iS Imu M(U Diet HAMS llOtM WwiUM 
I N< IM 


pu ssiiit (iinltss lilt pt)its t»l lilt t nj^iiu s m of innlt(|ualt 
t loss si ( Don) and tlu piston inovts loiw iid nntlt i tlu ton 
'-tant pKssun t)f tlu st< am until tlu sttain is tut off aftti 
which it coinplctts tlu stiokt nndc i flu \ iMin/^ oi diminishing.* 
pitssun of tlu sttain is tlu '^tt am t \j) inds On tlu ittuin 
stroke tlu sttain d txjxlltd from tlu c^hndtr to tlu 
atniosplurt or to a tontltnsti as tlu cast ina\ bt If tlu 
steam is disthaigtd to tlu atmospluii tlu liiu tract el out b^ 
Iht mdicatoi during tlu le tuin stiokt willbt jiistahttlt duive 
till atmospheiic hilt , wilt It as tlu exhaust prtssun lint would 
ht nearer to tlu /tio lint wluie the steam is disehaigeel inlt> 
a condenser 

Fig ^8 (ti) shows an mdu attu diagram takt n from a winding 
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engin** during the acctderatioii period, and Fig. 38 (d) shows the 
effect of the trip gear wht'ii acceleration has been completed 
and the trip gear has come into opiTation. The effect of the 
tripping mechanism on the variations of steam pressure may 
be observed during a complete winding operation by a con- 
tinuous indicator diagram. If the indicator diagram of a 
continuous running engine is taken for front and back strokes 
the averagf* hoise-power may be calculated, but it is first 
necessary to find the mean eftective pressure of the steam. 
That may ht* done by finding th(‘ arc-a of the diagram 
by means of a j)lanimeter and dividing the area by the 
length, 01 it may be found by taking the mean of the sum 
of the mid ordinates. When that has bi^en obtained the 


hors<‘-powei of th(* eiigiiK* may be 
are the sU p'* 

calculat('d The following 

1 1 he are<i ol tin piston 

77 

- ii^ s(j in. 

J rile total J)res'^UI«' of tile steam lb 

\ riie wolk (ioiu* pt‘i stroke 

P,„ 1. 

4 

4 rill' woi k done per i evolution 

-- ■ 2.1. ft -11) 

4 

5 I lie vvoi k (lone per minute 

- ^ • ^d^P,„ /.A' h -lb. 

4 

t). The hoise-powi'i 

^ 2 ■ -d-P„LN 33,000 
4 

When theie are two cylindeis the 
that devclojX'd in one cylinder 

hoise-powei will be twice 


Brake Horse-power. l'lu‘ indicated horse-power of a steam- 
engine is that develop^'d in the cylinder of the engine, but tlu‘ 
amount ol jiower given out at the crankshaft of the engine is 
necessarilj' a fraction of the indicated horse-power, and the 
ratio of tin* output horse-power to the input Ixorse-powei is 
an expiession ot the mt>chanical efficienc\' of the engine. The 
output horse-jHiwer is ascertained by means of a brake test 
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just as tlie input hotso-|H)\vt'i is ^leirnniiK<i hoin uuiicator 
diagrams, hence 

Mechanical efficiency <»t an engine _ 

nulicatt'd lunse-puNver 
The brake hors('-po\vei is asceitaiiud by a brake lest, and 
Fig- 30 shows the anangeinent ot .i iojX‘ dynainonii ter as 



I'K, KoI*^ DVNAMOMKIi h 


used foi making such tests on stisun and otliei engine'^ \s 
indicated in the illustration, two ropes aie att.ulud to couj)- 
lings at their ends, and they aie passt*d around a pnllex* oi 
fl^'wheel to completely uicncle it. 

To prevtuit tlie ro}x*s slipping fioin the juilhy a numbei of 
distance pieces of wood, shajM'd as in tiie enlaiged section, 
are attach(*d to th(‘ni. 

One end of the rojH s is attached to a Saltei spiing balance 
suspended from a bcsim above th(^ wheel, the other end being 
attached to the waught W. The rojx s should b(' hibncatcd 
with castor oil or grease befoie being jnit into use, es|K‘cially 
when the tests are to run for a con.siderable j.K*nod of time. 

The size of manila rojxi used depends largely on the power 



78 


MINING MACHINERY 


of the engim; and the pt^ripheral speed of the engine. In testing 
engines from 100-150 b.h.p, with speeds up to 4000 ft. per 
inin., a rop(' one inch diameter will be found quite satisfactory. 
When there is a possibility of a large amount of heat being 
f)i(>duced, in consequence* of whic h the temperature of the 
rtywli<‘el would be* likely to rise considerably*, the flyw1u*el 
should have a channel section, or an inte rnal groove, in whicli 
water would be made* to circulate during the t(*st. Cold water 
would b(* conveyed to the wheel at one side, and in passing 
iwimd would be “ s('o(>|H‘d " from the groove* at or near the 
bottom of the wheel. 

In tt‘sting the* engine with this apparatus the engine is started 
and Wrights an* added to \\\ tlie spec fl b(*ing rt*gulati*d by the 
admission of steam to the evlinder 01 current to tin* motor. 
When the desiK-d sjned has been oblaiiurl the reading of the 
opting b.ilaiu< is taken and tie* susptmdc'd w'eight is noted. 

It will be o})seiv<‘d tli.it th<* wheel t(*nds to raise* \\\ and 
Minsecjuent ly the* toique will be 117 V lb. -ft. 

riie toKjue (hie to th<* pull in th<* spring acts wrth the wheel, 
.111(1 IS ith*. theieloie th(* iiet torqiu* on the shaft is R (IC - u) 

11. f. , 1,1,.,, 

J^^,0< )0 

Example 17. A steam engine was indiuited when i mining 
at I levolntions per minute, and it w'as found tliat the indicated 
horse |K)vvei w.is l>uriiig the indicator test a brake that was 

made and the leading ot the .spring balance was 20 lb , while the 
weight susj>emied frcmi the rope w'«is 250 lb. Ciiven that the radius 
of tht* brake pullev w^as 8 ft , find llie mechanical efficiency of the 
engine 

Solution. 

, brake horse- power 

MecUaUK al ethciencv of engine - . _ 

mdicateil horse-powei 

2:t/? (M’ - iv)S 

33,000 X i.h.p. 

2 \ 22 y 8 (250- 20) 120 

7 X 33.000 X 50 

— 0-83, or 83 per cent 

Fly-wheel. The function of a flv-wheel is to balance tin 
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variations of torque arising from the coiuiiiuail\’ altering 
relative positions of the piston rod, connect ing-i\>d, and crank 
in a steam-engine, or to balanct' jvak loads on tleclrical 
machinery. The maximum torque ot a slt\iin-engnu‘ is ob- 
tained at the instant tlie connecting rod is at right angU s i<» 
the crank, and the torque is h ast wlu ii tlu‘ piston, coniu ctmg- 
rod, and crank are in alignment. As tlie loimei position is 
approached energy is iinpaited to tlie liy-wheel. ami as the 
latter position is approached the tly-whetl gives up <ueig\ 
to the crankshaft to make up for the dimmisliing tuining 
effort of the crank, aiul consequently tlu* spe«'d ol lotalion 
falls slightly according to the wt*ight ol Ihr wheel 1( we 
suppose that a fl^ -wheel has a mass m lb. and a iih an radius 
of r ft., wt‘ may caiculatt* tlie variation of sjxH-d roi lesponding 
to a cerl.iin fluctuation ol eneigy as the \elo('iiy ul a point at 
the mean ra<lius changes from i\ to ig It. pel second. t)nis 

Kinetic eneigy, A' I - ^ It -Ih and 



Example i8. What must be the weight r>l a llv wheel having 
a mean radius of 3 ft., if the speed falls fiom J30 levolutioiis pei 
minute to 147 while the wheel gives up It,- 10 of eneigv per 
sec. to the .shaft. 

Solution. 



lb 
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Governors. If the throttle opening of a steam-engine is 
fixed, the speed varies inversely as the load, and if it is desired 
that tht‘ spe(*d of the engine should be steady, it is usual to 
govern the throttle opening by means of a governor. Fig. 40 



represents tlie form and arrangement of the Watt pendulum 
governor. 

The vertical spindle A is driven through belt and bevelled 
gearing from the crankshaft, and as the spindle rotates it 
carries with it the weight surrounding it and the other two 
balls which are connected by rods to the top of the spindle 
and the bottom of the central weight IT. When the speed is 
steady the centrifugal forces in the balls B balance their 
own weights and that of the central weight in addition to 
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the connecting rods, but should the sj>eed inci ease tiu* balls 
fly outwards and raise the central wt'iglit, thus acting on the 
lever by which the butterfly valve in the steam pijv is adjusted. 
Since the supply of steam to the engiiu* is lessened, the s}>'ed 
diminishes, and the balls tall back to their normal ]X)sition 
corresponding to the load on the engine. Tlie goviTning of 
the engine by throttling the steam results in the altiration 
of the pressure of the stCiim entering the cylinder. Sonudimes 
the central weight is replaced by a stiel spiral spring, as in 
the case of the Hartnell governor, and as the foice in the spiing 
is capable of adjustment the governor may bt* niadt* st‘nsiti\e 
to small vaiiations of s|X‘ed. A loo sensiti\t‘ governor may 
cause the engine to hunt due to maiked vaiiations of steam 
pressure. 

Condensers. We have already seen that econoiii' »nay be 
effected in the use of coal by discharging steam fiom a non- 
condensing engine into a f(*ed-watrr heater, but il the steam 
is discharged into a condtTiser wheie a ])aitial vacuum is 
maintained a corresponding saving of fu<d is elfecti‘d by 
establishment of a greater balanct* of pn‘ssuri‘ between lh<* 
opposite sides of the pistons of the engines using steam. If 
a mercury gauge attachetl to the condenser shows an un- 
balanced column of 20 in. of meicury, it signifies that the back 
pressure of steam on the piston of thi* engine has betm reduced 
by about 13 lb. jxt sq. in., and consi'quentl}’ llu* eff<*ctiv<* 
pressure of the steam on the piston of the (‘ugine is 13 lb. per 
sq. in, in excess of the steam pressure indicaU'd by tlje steam 
gauge on the boiler 01 main steam l>ipe. 

Condensers are of three ty|K‘S : suiface condensers, jet 
condensers, and ejector condensers. 

Surface Condenser. Fig. 41 is a S(*ctional repn‘sentation 
of a surface condenser, and it is seen tlial the principle* of 
counter-currents is embodu*d in its construction. The shell 
is made of cast-iron, and the condenser tubes are attached to 
partitions of the same metal in the manm*r sliown in the 
diagram. The body of the condenser must be designed to 
withstand a crushing load of 15 lb. per sq. in., and it is usual 
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to test It by an internal water pressure of 30 lb per sq in 
llu condenser tubes art made of brass of No 18 I W G 
ind J in external diameter and when the \\ater eontains 
salt 01 corrosive matter the surfaces exposed to the action 
of the wati I are tinned, J he lengths of the tubes vary fiom 
4 to 15 ft , ac( aiding to tin size of the plant, and the number 
of tubts })lartd diagonaJJv m i sq ft of the tube plate or 


Water Outlet 



paitdion nu\ bt < dciilitcd bv V i()() V- where N is 
th< nuinbt 1 ind 7 * the pitch StaiuLiid dt signs for 26111 
vac uuiu aic usually basvd tin i condensation of 10 lb of steam 
[H.! scpiiu foot of siirfict when the inlet tcni[xratnre of the 
circulating vvitci is ()o‘' to (>5" 1 uid the qnantitv of water 
\a to 40 lb jK i jiound ot stc am 

It is seen that the cooling watci enters at the bottom of 
the easing and passes thiough the tubes in the lower half oi 
the condenstr, aftt i which it ti iverses the tubts in the upper 
half in the opposite diieetion md passes out at the outlet 
on the top of the easing The ste am enters the easing centiall> 
at the top and strikes the baffle plate at the top after which it 
[lasses down through among tht tubes into the pipe leading 
to the air pump 
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Conditions Governing Maintenance of Vacuum I lie \ ,u uuin^ 
IS sub]ert to tlie following londitioiis 

I*h\bHtil 1 SUcini loiid 2 \nunnit ol t<H>ling water 
passing thioiigh tin coruhnstM ^ InUt tun]Hiatm« ol tlit 
cooling WMtci 

Mechanical i Jiu condition ol the cooling suilans on 
both suit s of the tubes 2 lh« cajMcitv and |k 1 toi inane t eil 
the air extiae tion plant 

In my t xisting pluit, (lcsit,iitcl uul mst.iHcd loi a sjnciln 
set of c^onditioiis tli« \acuiiin will Huctuatc with cliangt in 
in\ e)l the fou going lactois hut the e hie I elliile lisioiis id a 
new plant to fulfil e gi\<ii set ol < onditioii'' m i\ h tixcd iIUm 

the nejuiud cooliii., suihiec hi Ineii isci it lined In tlu use 

loe)o/> 

ol the liJlinulil s wh< le s is (he ( e>olll4 suiface in 

sepiaie feet J> the 11 ) Wt ol st ini to he colU.e ise el | I 

honi R the nuinhe t eit he it nnit^ ti insh 10 el pe i sepi in loot 
of cooling suifacc J)e 1 ele gle e ellllc*lc iie e ol (e injM i duie helween 
the sides of the tubes pci hoin ind d the n.e in te injK i<ituie 
dlfltlcnec till! Is the dltlcleUCC between the steam tein 
[lelituie ind the tile ill e II e ul itlllg wate I te m|H I ilUh 

Example 19 \ eoiidensei is lo In eonstiueted to deal with 

uoo lb of ste nil pel liuur II the i ite il winch heat is li ins 
initteel b\ tlu tuhes is •)(>o H II pel hoiii pel sipiaie loot e)t 
suitaee .uid tlu \ diu ol is 1 s liiul (he ue i <►! loohiiK siirfatf 
1)1 the coiuli list 1 

Solution 

1000 X sO 000 

.s ^ It 

500 jS 

(iiveii the It iigtli and dimutci <d c ondt use 1 tubes tlie 
numbti ind\ iie>w he e ilenhiteel as lollows 

s 

\ 

TTiil 

Jet Condenser Wheo is m tin e«ise e»f tlu suilue e eui 
dense 1 (he cooling wate i and the* e xliaiist ste iini are not 

' Steam Condenser Performinc* b\ J) McNair Colliery 
Lneineenng May 1927 
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allowed to mingle, and consequently the condensate may be 
used for feeding the boilers, it is a feature of the jet condenser 
that the cooling water comes into direct contact with the 
exhaust steam, and consequently the cooling water must be 
ci(*an if the condensate is to be used for feeding the boilers. 
The j(‘t cond(*nser consists of a pear-shaped cast-iron vessel, 
which has a cooling water inlet reaching into the centre ol 
the int(*rior and a steam inlet pipe placed at the side on the 
same level as th(* termination of the water inlet pipe. The 
latter termiriati'S in a slotted foot box with the openings all 
around the sides, .so that the cooling water passes out hori- 
zontally, thus forming a wet screen in which the exhaust 
steam is etfectively condtmsed. The coiidens(‘r is most efficient, 
and ])roduc(‘S a vacuum of about 27 in. of mercury when it is 
supported ,it a height of 30 ft. above th(' water in the hot well. 
An air-pump is fitt<*d to the cond(‘nser to maintain the vacuum. 
The ejector condenser is similar to the j(‘t ctmdenser, l)ut differs 
from it in that although it is necessarily placed at the same 
height above the water in the hot wtdl, no air pump is fitted 
to it, for the vacuum is produced by the hydraulic head in 
the outlet pipe. Fig. 42 is a sketch of the jt‘t coridenst r. 

Compound Engines. The winthng engines at Penallta 
( olliery, in South Wales, are of the double tandem cornptiimd 
ty{H‘, with high-im‘ssurv cylinders 32 in. diarnettr and low- 
pi't‘ssuie cylinders 53 in. diameter, the stroke being 72 in., 
and at C l^dach-Cambrian ('olliery the engiru's are 28 in. x 
48 in. X ()() in., having drop steam valves and Corliss exhaust 
valve.s. Many pumping luigines, haulage engines, fan engint s, 
and compressor engines are of similar construction The 
high-pressure steam is used expansively in the II.P. cylinder 
and then it is list'd expansively in the L.P. cylinder, being 
finally exhaustt'd to tin' condenser at a pressure approximating 
to atinosplu'iic pressure. It is possible in this way to more 
fully utilize the expansive projx'rty of steam than it is to do 
so in one cy linder, and const'quently the steam is used more 
efficient I}’. At the beginning of this chapter figures are given 
to show the coal consumption per i.h.p.-hour, and these may 
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be taken as representing loldtiveiy the steam consumption loi 
the different kinds of cuigines. In tlu* dt'sign c»f comiHiund 
engines the cylinders are piojx»rtione<l so that the woik don(‘ 
m the H,P. cylinder equals that done in the L P. c> lmder. the 
relative diameters of the cylinders ht‘ing coiulitunied by the 



cut-olt and latio of c \p<iTisioii of the steam in lli< H P. 
cylindei . 

Steam Turbines. The steam turbiiu is the ^nnjd< st of all 
heat engines, and may be descrilx*d .is a m.ichine in \vhi( h a 
gradual change of the momentum of a fluid is a])})lied to ])io 
duce rotation of the rotor and its sliaft, tlius enabling the 
calorific energy of the steam to be coriveitc*d to in(*clianical 
energy. There are three kinds of steam turbiin* : i The De 
Laval or impulse turbine. 2. The Parsons oi icaction tuibine. 

7 -(T 
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j. The imj)nlse-i ruction turbine, as represented by the Curtis.s 
and other turbines. 

De Laval Steam Turbine. In this typi* of turbine ihe 
ealorific energy in the steam is converted into kinetic energ\' 
bv (*X[)unding tlie steam in a divergent nozzle, or a series ot 

nozzles, and allowing it to 
impinge on a series of blades 
mounted on the periphery 
of disc which is supported 
upon a shaft that is eon- 
iH‘Cted to speed-reducing 
geai. Fig. 43 shows the 
lelative positions ol tht' 
nozzlfs and the buckets 
attached to the periphery 
of the lotor disc, and as thr 
throat of the nozzle is set*n 
to diveigi‘ it is obvious that 
the steam will expand and 
that the prt‘ssure will fall. 
The lowt‘1 poition ot the 
^ tlguie shows that as tlu 
7 4 st<*am pressuH falls from 
r ^ l\ tt» Pf, the velocitN ol 
tlu‘ steam iiu least's from 
I'K. 4 5 Dh l.w.w sihVM one end of the no//K' to the 
*''*^^*^*' othei, and diminishes as it 

passi'.s acioss tin* lace of tlu 
buckets ti) tile ctuideiisei oil the othei sidi of the turbine, fhe 
velocity of the steam when it impinges on tlu‘ buckets depends 
on the initial pressure of the steam ami the dimensions ol the 
nozzh's, but it steam" at Joo lb jvr sq.m, (gauge) be Used, 
the velcK'ity of the steam at the entrance to the nozzle may be 
about zooo ft. ]H‘i st‘c.. aiul at the exit from the nozzle about 
4000 it, jvr sec It is ca])abU‘ of proof that the most efficient 
sjjeed of the buckets is 50 jier cent of the vi locity of the steam 
at impingement This machine is extensiveh' used for power 
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purposes in this counti^', and is made b}* Messrs. (Jreenwood & 
Batley, Ltd., of Leeds. The following particulars of De La\’al 
turbines are of interest — 


TABLE IV 

Speeds of De Laval Turbine Wheels 


Sizes of 
turbines 
hp. 

Middle 

diameter 

1 of wlieel 

in in 

Kevolu turns 
per minute 

i 

1 i 

IVnpheral 

speed 

in It pel sec. 

5 

4 

^0,000 1 

.515 

>5 

0 

24,000 

017 

30 


20.000 

774 


III 

1 10,400 , 

.S41, 

100 


1 

Ills 

300 

30 

1 10,600 

I-.7S 


Parsons Steam Turbine. Fig ^4 illu. trates lli<- setting of 
the blade.s of a rea('tion tuibim*. and it is st^en tliat (ht're aie 
alternate rows of moving and fixed bLules, the fonia i Ix'ing 
attached to the tuibinc' shaft and tiu* latUi to tin* casing. In 
a turbint* of this type, the gradual change of momcmuia of 
the steam takes jdacc*, due to drop in piessuit , as the steam 
flows from the inlet towaids the outlet oi exliaiisl. The flow 
of steam is axial, that is, in the din^ tion id the tin bine shaft, 
but It may be radial, so that ii action turbines may be eithei 
axial-flow or radial-tlow turbines. Ihe i xpansion of steam is 
generally arianged to take place in tliiei* stages, and < onse- 
qiiently the shaft increases m diameter from the inlet end 
towards the outlet in three dehiiite steps 

The admis.sion of steam is controlled by a thiottli* valve 
and governed by means of a centrifugal governoi m act or d- 
ance with tlu‘ variations of load and spied. 

Impulse-Reaction Turbines. Fig. 45 show.s tin essential 
features of a turbine of this class, and it will be seen that the 
action of the steam on the first set of moving blades is that 
of direct impingement from diverging nozzles, whereas the 
action on the next set of moving blades is by the reaction 
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principle of the Parsons turbine. In the particular case of the 
Curtiss turbine each set of moving blades has a corresponding 
set of nozzl(*s attached to diaphragms between the moving 
blades. In Fig. 45 it is seen that there aj*e four sets of moving 



44 Parsons Reaction Turbine 



l’l<; 45 IjMPl’I SE-REACTION TURBINE 

blades, two sets of fixed blades, and two sets of divergent 
nozzles. The variations of steam pressure and velocity are 
also shown in the figure. These turbines are made in large 
sizes suitable for collu iv work. 
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RF.FERENCK BOOKS 

The Steam Kngttte and Oas and Oti lingines, by Perry. 

Steam and Other Hngtnes, by l>iincan. 

A Textbook of Heat Izngines, by Jamu'^on anil Andrews 

Motive Potter Jingtneertng {for Pngipieenne and Mitnng Stndenis), 
by Hams (Pitman). ^ 91 

Steam Turbine Theory and Pradtee, by Kcarton (PitmaiU 

Mechanical Equipment of CoUtenes, by Percy. 

KXHKCISK QUESTIONS 

I. Describe a governor fot controlling the spt‘eil of a steam- 
engine and say how it does its work. 

{2nd c lass Exam , May, 19^0.) 

1. Make a sketch, with approximate dimensivins, of an ordinal) 
pedestal suitable for a haulage engine driini shaft 6 in. in diameter. 
State of what metal th(‘ various parts aie made. 

(2nd Class Exam., Oci , 1921.) 

3. What is meant by an eccenliic as u.std in engine.s ’> For 
what purpose are eccentrics used ^ Illustrate y(>ur answer with 
one or more sketches {2nd Cl(i*>s Exam , May, 1017.) 

4 What IS the ditteience between a condensing and a non- 
condensing engine ? Why is condensing lesoited to } Describe 
one form of conden.s(*r. {2nd ( lass Exam., May^ 1917.) 

5. Describe the link inothni for levei.sing v'ngines Illustrate 
vour answer by one or more sk<*tche.s. 

{2nd Class Exam,, Nov., 1918.) 

6. A steam-engine has two double-acting evlinders each 12 in. 
diameter by 18 in. stroke, and runs at 121 levolutions per minute. 
The mean eltective pn'hsure of the steam in th(’ cylindt^rs is 30 lb. 
per sq, in. Tlie mechanical chicieiuy is 02 per cent What is 
the indicated and brake horse-powei s of the engine t 

(2nd ( lass Exam , Nov , 1922.) 

7. The engineer at a colliery repoiteil to his managiT as 

follows — " Idle split pin came out of the cotter securing one of the 
piston rods of the hauling engine to its ciosshead. The cotter 
worked loose and came out." Make* one or two sketches to 
explain the mishap, and say what damagt* might result to the 
engine. {2nd Class Exam., May, 1923.) 

8. Make a full-size sketch of a pin to connect the slot-link 
of a Stephenson link gear to one of the eccentric rods of an engine. 
Show how the pin w^ould be arranged to keep in position. State 
the material u.sed in the pin and the treatment it should undergo 
to enable it to perform its work without excessive wear. 

{2nd Class Exam., Nov., 1922.) 

(». What is the difference between a com{)Ound steam-engine 
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and a simple steam-engine ^ Why is compounding resorted to ? 

(2fid Class Exam , No\ , 1919.) 

10 I or what purposes is a steam capstan engine employed 
at the top of a shaft '> Compare the advantages and disadvan- 
tages of worm-gearing and spiir-geanng for capstan engines 

{2nd Claris Exam , Nov , 1919 ) 

1 1 Desc tibo what is meant b> the terms {a} cam, (b) eccentric 

(cj crank State a use for which each ol these devices is best 
suited (2nd ( /ciss / la/n Mav. it^^i ) 

12 l)c‘scnhe with the aid of <i sketch, one nuthod of diiecting 
steam into the c\hnder of an engine so as to diive the ])iston to 
and fro Name a method of ascertaining whethei the steam is 
being used roirectlv and cHonomualh m the engine 

(jnd ( /rtcs L\(tni Mav lo^i ) 

I \ fn coniuitioii with the cylinder ol a ste.im engine what 
.lit the <l( vices ado})U‘cl and materials usc‘d 

((/) to ])ievent steam passing Ixtwetii tlu piston and tlu 
i \ Imdci wall , 

(/>) to puvent steam liom esc.iping aioimd the piston md 
vsliere it pabsc*s thiough tlu cvhndti (o\ei 
i) to make steam tight joints between the ivhndti and llu 
t nd cuvcis'' (ind ( las'> / xioh Mav i<>-j2 ) 

I I M.ikc skeU lies to shove a (oniititmg lod with small-ciid 

litbd with adjustable biass(s and a stiaj) and gib and totter and 
a big end htUd with a nianm l\j>t hc^aiing \ssumt the iioss 
tu lid ]>m to bt 2 in <ind tlie t lankpm ^ in m diameter II the 
stmki Is 2 It , how long would vou make tlu tomutting lod liom 
lentu tt^ (tutu t»l pins (2i/(/ i Ut s i xunt , Nov hm2 ^ 

I -> Iiesciibe i met hanisnv tm uveism^ the dnLclion ol tiiinm,^ 

01 a steam engine {2nd ( /US's / xani Nov ) 

10 Diaw a tvpital iiitlu .itt)i diagiam taken hoin tlu i v hndt 1 

e)l a steam engiiu in whuh tut oil oteuis at hall sln>ke and llu 
e vhnder exhausts tti iitniospheie* \ssume an initial steam piessure 
t>l So lb jH*i s(| in { 2 fid ( /uss / \(ini Mav, i<M-l ) 

I” Make sketches ol a pluminei block 01 jiedestal and beaiing 
!oi a shall 4 m dianu^tt 1 with iiuvins tor preventing endwise 
movement o| tlu shiift J he phimiiui hkn k is to be bolted to a 
htiii/tmtal suj>j»tirt (2Uf/ ( /uss I xtnn , Nov 19^*) ) 

is What htuse powei would v^ni e\j>e*et frtim a ste^am engine 
having one c v lineier 15 m Inue 24 m stroke lunning at so 
i pm I he steam piessure at the stop valve is So lb jXM stj 
in I he engine exhausts to the atmospheie 

{2Hd ( /ass Exam Mav \ 
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U) Whdt brake horse jxmei \*4>ultl \ou e\|>e^t boiu a tiouble- 
dLtinj^ sttani engine with two t \ liiulei in [nirehs in stroke 
running at r 2 o r j> in with a steam piessuit ol ^o lb j>er stj in 
at the ^top \ aU e \\ h\ is t onijKHiiuling adopter I m ste4tm-eiigiue** ^ 

\zuil ( /ijsv } Max OM/ ^ 
-V DesiiiU what happens uiskU the steam ixhnder ol an 
t.igint in one oxolulion of the engiru which exhausts to a con 
denser How is the team snpplx ccmtiolltHl 

znt/ ( /a<:c I xam , Non lor 



CHAPTER V 

MECHANICAL TRANSMISSION OF POWER 


Such is the variety of conditions under which power is trans- 
mitted and utilized in and about collieries that nearly every 
coneeivable systt‘ni has be(‘n used for transmitting power to 

winding and haulage gears, to 
electrical generators and air 
compressors, to coal-cutters 
and conveyors, to pumping and 
ventilating machinery, and tc 
other incidental operations on 
tlie surface and underground. 

We shall deal briefly with 
a few of the most common 
mechanical methods of trans- 
mitting power in this chaptei 
and leave the consideration 
of electrical, pneumatic, and 
hydraulic transmission for 
later chapters. 

Mechanical metliods of transmitting power from one machine 
to another are .is lollows ; (i) by shafting ; (2) by belts ; (3) 
l)V ro|M's ; (4) by chains , (5) l)y gearing. 

Shafts, and Methods of Joining Them. Shafts may be used 
as shafts of engines, when they may be either solid or hollow, 
or they ma) be ust*d for transmitting powder over considerable 
distances on the surfac'e, when they are usually made of solid 
steel. A familiar case is 'that of the crankshaft of an engine 
or the drum shaft of a winding engine. When a drum shaft 
exceeds 10 in in diameter a hole must be bored axially from 
end to end to enable d.uvs to be located, but it ma}^ be advan- 
tageous to use hollow shafting when large powers have to be 
transmitted, for the sake of keeping the weight of the shafting 
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down to a miniinuin. Shafting i.s uMially supporttjd on 
pluinmer blocks, on solid foundations, or on wall brackets, 
and long lengths are joined together by flanged couplings or 
by muff couplmgs. W hen the connection is made to an electric 
motor the coupling is made flexible. Figs. 40 (<i) and (//) show 



1 lu (t>) Fi I KiiiM loueimc. 


two forms of flexible coupling. The ligun* on p shows that 
form of coupling in which tlu* ( onncTtion is made by pins in 
one flange passing through rubber-lined holes in the opjwsite 
flange. The above figure shows another form of coupling in 
which a belt is laced round an equal number of proj<*ctions on 
the flanges. Such couplings are used mainly in order that the 
motor used to drive the shaft may have had time to develop 
the requisite torque before the load is taken up. No such 
coupling is necessary when an electric motor develoj)S full 
torque at starting, or when tin* load may be applied gradually 
to the motor, as in the case, say, of a direct system of haulage. 

Strength of Shafts. The stress applied to a shaft is always 
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a torsional one, tending to twist or turn the shaft. Let F be a 
force in pounds acting at a distance D from the centre of the 
shaft, and tending to cause the shaft to rotate, then the 
twisting moment is F D Ib.-ft . Let / be the safe stress in pounds 
per square inch in the material ; .4 the area of cross-section 
in square inches ; d the diameter of the shaft in inches, 
and Ft the torsitai modulus (0-5) of the material, then the 
fAdE, Ttfd^ xdxE, ^ 

lesisting moment - . For stability, 

2 4x2 

the turning moment must be equal to the resisting moment, 
thus 


iiFl) 


TTfd^E, 

S 


and 




•y 


qt)F 7 > 


V 


{n-iFl> 

J 


Example 20. the radius of a Indt-driveii pulley is 15 in., and 
the ditftTcnce between tensions in the belt on the tight side and 
on the slack side is 15001b. Calculate the twisting moment in 
lb “in., and the diameter of a steel shaft m which the safe stress 
I't 8000 lb per square inch 


Solution. I wisting moment 
d 


^ 1500 V 1-25 = I Sts lb -It. 



bl‘1 X 1H75 
Sooo 


-• \ \ m. 


U the slnift is shtul, no allowaiue ihh iI lx* made for bending, 
but if the shaft is lu‘avy and the length (‘xceeds fifteen 
tlhimeters, it would lx* neci ssary to alhov for Ix iiding moment 
h}' adding 25 {x*r cent to the dianxder of the shaft. In 
practice it might be considered ncct'ssary to provide* a bearing 
at the middle of the shaft to reduce the bending moment, and 
thus avoid the need of the larger shaft. 

Strength of Hollow Shafts. 4‘he resisting moment of a 
hollow shaft is less than the resisting inonumt of a solid shaft 
of the same external diameter Ix^causa* of the removal of the 
metal from the central portion of shaft. Let </, represent the 
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internal diameter of a hollow shaft ha\’^ing an external dianiet<‘r 
i, then — 

the resisting inoinont of a hollow shaft <t/=* (/,») 


It IS easy to see that il a hole 2 in diameter is bored loiigiln 
dinally through a shatt 6 in. in diameter, that th(‘ resisting 
6^ ~ 2^ 


moment is - 


6‘* 


- .^’tths of the re^'isting monumt oi llie 


solid shaft of the same external dianu ter ' \\ Hiding appamtiis 
worked by mechanical }H)wei. li mstailed aftei loth July, loi t 
shall have the drum slialls, it lo in. or mon‘ m diameter 
bored longitudinall\- at tlie centre” Kieneial I\e^. ulation 8o 
(6)1. When as the strength of the hollow shaft heu' nMerred to 
IS :> 7 ths of th<‘ solid shaft, the weight is T.ths ol that of the 
solid shaft, therefoR* the Ixmding moment is also dimunshetl 


Horse-power Transmitted by Shafts. 

Twisting moment in Ib. “It f' (lb.) - /> (It ) 

Work done pel revolution znil) It -11> 

Woik done pel miiuUi’ ZiriDN It lb , wiieie .V is ih( 

mimlx‘1 of R yolutions per minute 

27rll>i\ 

ii p. transmitted 

33.00O 

Example 2 I. ( alculatc the Iioise-powei tiansinitlcil by a shaft 
which make'. i p in , if the twisting moment i- 22,^00 11 > -m. 

Solution. 

2Tr.V twisting immient (ll> -in ) 

H I) transmitted ^ ^ 

• 33,000 1 2 

i X 314 ^ 450 

33.000 1 2 


irx> 
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It is seen that the size of shaft required to transmit a certain 
horse-power at a given number of revolutions per minute can 
be found in two steps, thus — 


Twisting moment (Ib.-in.) 


12 X 


33,000 h.p. 
27tN 


Resisting moment (lb. -in.) 


irfd^E, 

”T” 




8 X 33,000 h.p. 
27T^fE,N 


Example 22. Calculate the diameter of a steel shaft to transmit 
140 h.p., if the shaft makes 32 r.p.m. and the safe stress in the 
material is 8000 lb. per square inch. = 0-5. 


Solution. Diameter of shaft 


( 12 X 8 X 33,000 X 140 
2 X 3 I4* X 8000 X 0*5 X 32 


)* 


^ 5-5() in. 


Torque. Fig. 47 represents a belt passing round a pulley 
of radius R, the tension in the belt on the driving side being 



1\, and the tension on the 
slack side In order 
that the pulley may be 
rotated there must be a 
cmference between the 
tensions Tx and 1\, and 
the difference between 
the tensions is the force 
producing rotation, the 
moment of the force, or 


I-U. 47 torque, beitig R. 

The force is communi- 


cated to the pulley by the friction of the belt on the 
pulley. 

Coil Friction. The simple theory of coil friction applies to 
belts of leather and ropes of cotton or steel, the essential 
difference being a difference in the value of the coefficients of 
friction, and not one of principle. Referring again to Fig. 47, 
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in which R is the radius of the pulley and 6 the angle embraced 
by the bell on the pulley, it will be seen that the driving 
couple ^{Ti-T2)R, and it will be understood that the 
resisting couple is that due to the machine l>eing driven by the 
shaft of the pulley. The value of Tj is limited by the strength 
of the belt, and the value of 1\ - 1\ is limited by the friction 
between the band and the pulley. Considering an element dS 
of the belt embracing the small angle dO on the rim of the 
pulley, let T be the normal reaction of tlie belt on the pulley 
per unit of length in pounds. If we suppose the band to be 
just on the point of slipping, the conditions may be represented 
by— 

(T -I- dT) - 7' ~ ^TdS nearly 

.-. dT fiTdS -- /iiTdO 

hence — == fiod 

Taking the sum of the elementary forcts between and ]\, 
and expressing them in terms of the whole angle d embraced 
by the band, we get as a limit — 

r» ^ T 

V ^ V dO which becomes log, ^ 

T 

= fxd, and E being 2*718, the base 

of the Napierian logarithmic system. If the coefficient of 
friction of belting on iron be taken as 0*3, and 0 — 5 X 2n 
radius, we shall find the ratio of 1\ to — 2718'* 3 ^ ain: 

== 2*718^'^^ = 2, thus showing that in practice it may be 
assumed in the absence of pre( ise data that 1\ = 27'2. 

Coefficients of Friction. The figures given on page r^8 are 
intended to be useful as guides in calculations in which friction 
is a factor. 

Strength of Leather Belts. I'he ultimate stn*ngth of leather 
belting varies from about 3500 lb. per sq. in. to 9000 lb. per sq. 
in. Light single belts are about in., and heavy jingle belts 
about ^ in. in thickness. The working stresses in belts of 
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one ply varies from about 70 lb. to 100 lb. per in. of width, 
but the working stresses for light double belts in. thick) 
and heavy double belts in. thick) are 140 lb. and 180 lb. per 
in. of width, respectively. These figures should be used with 
reservation, since the actual working stress in a belt must 
depend on the manner in which the joint is made, the permis> 
sible stress being greater for laced belts than for belts that 
are joined by metal fasteners. 


Metal on metal « >vith lubrication 
Iron to iron or brass . 

Iron to copper . 

Iron to steel 
I .eathcr on metal, dry 
Leather on metal, oily 
Pine on steel or brass, dry . 

Elm on cast iron, dry 
Oak on cast-iron, dry 
Ferodo on metal 


o*o3-o*o8 
0*1 5-0*20 
O- 1 8-0*20 

0*20-0*30 

0*30-0*40 

0*25-0*35 

0*16-0*19 

0*20-0*25 

0 * 35 - 0*45 

0 * 35 - 0*45 


Speed of Belts. The speed at which belts are made to run 
depends on the speed of the driven machine, but experience 
shows that whereas the speed may approach 6000 feet per 
min., the best practice is to run main belts at a speed of about 
J500 ft. |)er min. 


Power Transmitted by Belting. Generally speaking, the 
power that can be transmitted by a belt is limited by the 
friction between the belt and the pulley. When excessively 
loaded a belt usually slips rather than breaks, hence the friction 
is an important factor in deciding upon what power can be 
transmitted by a given belt, or in determining the width of 
belt for a given duty. I'he maximum power that can be 
transmitted by a belt running at a given speed is given by the 
expression — 

r / T 

( r - li 

H - -- ^ XX 

jj,oo() J3,oot) 33,000 



- 1\ 


(■ 


f/'e/ 33,000 


Example ^3. A mine (an is driven by a, belt which is 24 in. 
Wide and | in thick, the speed of the belt being 3000 it per min . 
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.Assuming tliat the tension \ki inch of width of the t>elt is 150 It* . 
that the coefficient of friction is and that the angle embraced 
by the lx:lt on the motor pulley is two-fifths of 2r, railians, calcu- 
late the power given out b\ the motor. 

^ / 1 \ tO<K» 

Solution. H.]> 24 * 1501 I - _ I 17 PS 

V *'• J.^yooo 

2-718 ' 

Care of Belts. Bolts •slumld bo kt‘pt clean and froo troin 
accumulations of dust and groaso, *uui parlicvilail\ lubricating 
Dlls somo of which fH*riuanontl\’ in]uro the loathor rhe\ 



slioiild bo kepi froo from wjtoi *md moisiun', and should In* 
treated with a dressing (onsisting ol two p.uls of tallow and 
one ol fish oil Should a bolt sli]) whon il is inaint.uiird m 
good coiulition, it iiiaN' bo londudiMl that a wait i belt is 
necessary, or that Iho anglo ombrai od by tho bdi on tlie 
pulley is smaller than it should lie 

Lenix Belt Drive. It is triio to sa} that a bolt tliiv«* is 
generally inoro officiont whon long than whon tho distance 
betw^oen the driven ])ulloy and driviT conlros is small. It may 
be that the dist.inco must he comparatively small and that 
the reduction of .s|>eod is large, w'lien tho ratio of th<‘ diaiiudor 
of the driven wheel to that of tin* driver will bo gieat 

In that case tho arc of contiut may lx* incroas<*d by the 
adoption of tiie Lenix belt drive illustrated in Fig. 48. In 
the normal case the arc would be 0 , but bv plac ing the weighteii 
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drum on the belt in the position shown the angle is increased to 
(p, consequently the gripping power of the belt is increased. 

Belt Pulleys. The proportion of the diameters of two pulleys 
working together should not as a rule exceed 6 to i, but the 
Lenix device may be used when the ratio is greater or the 
centres are too close. It is an advantage to have a camber on 
the surface of the pulleys from J to J in. per ft. of width, 
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both pulleys in a gear having the same convexity. Yhe face 
of the pulley should be i to in. wider than the belt. Pulleys 
may bo made of cast-iron throughout, or they may be made of 
wrouglit-iron arms and steel rim built up on a cast-iron boss. 

Link Belts. Link belts may bo designed to run in V-grooved 
pulleys or they may be shaped to run on the common form of 
cambered pulley used for belt drives. The Lotus link belt 
made by Garnett, Whiteley & Co., Ltd., Liverpool, is of the 
former type, and is suitable for light drives. The belt consists 
of a steel chain, comprising outer and inner pressed steel cup 
bearing plates. The side plates that engage with the sides of 
the grooves on the pulleys are made of strong rubber, and they 
are fastened to the steel chain by means of a stud and nut 
through the outer links. Advantages of this form of link belt 
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are that there is no possibility of links working kxise. stretch is 
eliminated, and the presence of the rubber side-plates prevents 
slip. The upptT portion of Fig. shows the construction 
the Lotus belt, and the lower [portion of tlu tigure shows the 
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^ Pk.. 50. Ei.kciRic Motor 1)rimn(. I’Ndikss Kopt 

construction of the link belt designed for luMvy drives by 
John Tullis & Son, Ltd , Gl.isgow. In addition to being 
shaped on the undersurlacc to the camber of the pulleys, the 
belt has a flexible centre which ensures that it tak( s a firm grip 
of the pulley without straining tlu rivets and without loss of 
power from slip. Belts of this construe tion an* sometimes used 
in heavy haulage gears to effect the first reduction of sjx'ed 
from the pulley on the motor shaft to the pulley on the second- 
motion shaft. 

Cotton Ropes. These ropes are now extensively used in 
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driving <ulli(r> fans underground haulagis and m trans- 
mitting power from a stiain tngiiu to an electrical machine. 
1 he > are ni ide of cotton ha\ ing a \ar\ ing number of strands 
in the rope but the rope, recommended b} William Kenton & 
Vms ltd Dukin tu 1(1 eonsists ot three strand^ The co- 
(ftie lent of friction of cejtton ropes ma> be taken at o 2, so that 
when the powe r to be transmitted is known it will be possible 
to determine the number of belts The ultimate strength 
(»f cotton rejpe s is determined b\ t< sis to var> according to the 
diimcler of the ropes and it ma> be expressed as / — 
h^yood^ where I is the bieaking stress in pounds and d is the 
diame ter m me he s Ihe working stress may be limited to ' ,th 
ol the bre iking stress Owing to the eentniiigal force operating 
<111 lojxs lunning it high sp«ids ind tending to eaiist the 
eliiMiig [lulle V to '^lip within till ropes, it is desirable that the 
lope spuil sliould not as anile exceed 4000 to 5000 ft per 
mm I ig -)0 shows in e lee tin motor driving an e mile ss-rojx 
h lul ige ge «ir thiough e ight cotton ropes and site 1 spur ge anng, 
tile hinlige lojx s llumsthts being e oiled on fleettni^ pullers 
\ssuming that the inglt embraetelhv the io})tsontlu driving 

pulie \ is I idians ind that the value of jn is 028 we 

sliill find tint ^718 ^ 105 and that 

Hisuif., iound the diiteonce between the tensions and the 
ulilionotone to tin v)tlKi vee miv the n dt te rmine tlu number 
ot lejjie s ot i ( ( 1 1 iiri <ii inn te 1 loti lusinit i giv e n amount of 
powd hu the hp {/, I M 5 5 0(j() IS foi belts 


Example 24 V *> h p inotoi is to 1 h usi tl to iln\t a liaulage 
geai tliroijgh eolttin lopt s i in di init li 1 niniiing it i spied of 
4000 ft pel mm ( ih iil ite tlu iniinbe r (U lopis rtquired 

/ 


assuniiug / ^ ^ 

Solution / j / , 


33 000 h p 
I 


^ 5 000 70 

4000 






j, 
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and, since the ropts au to In i lu diinuttr and, (luirfort, ha\e 
an ultimaU bnakiiiiL; ot ^soo lb iht nmnU r of lopes 

iiso N 

required fo! th( tran^miNsion of llu mttssaiv power tijoo 

- ^ 5 It woulil ht. iRCt^siu to piovidt \ rt)p(s 
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efficient will be the transmission. Since the arc of the driving 
pulley embraced by the ropes is dependent on the distance 
between pulley centres and the diameter of the driven pulley 
and the driver, the diameter of the driver should not be 
less than twenty times the diameter of the ropes, and should 
preferably be thirty times. 

Transmission of Power by Wire Ropes. Wire ropes are 
sometimes used to transmit power from an engine on the 
surface of a mine to a haulage gear at the bottom of the shaft, 
or the main endless rope of a haulage system may be used to 
transput power to a haulage gear placed at the inbye end of 
th<‘ haulage plane. Power may be transmitted in the same 
way to pumj)S placed at inbye points in a mine in which it 
would be unsafe to have electrical plant, and where compressed 
air was not available, A close examination of Fig. 50 will 
show that the pulley round which the wire rope passes gradu- 
ally diminishes in diameter from one side to the other. This 
form is nec(‘ssary to enable the rope to slip from the on-going 
side to the side at which the ro|x* leaves the pulley, and the 
width of the throat must be sufficient to take the requisite 
number of turns of rope to ensure that the latter does not slip 
round the pulley. The number of turns of rope is determined 
T 

by the formula .jr The central portion of the fleeting 

* 2 

or Clifton ])ulley is cast in one piece, and the tapered throat is 
formed by wrought -iron segments wliich are bolted to the 
centre, and are therefore renewabU*. The coefficient of friction 
bt'twet'n a steel rope and the iron wheel i.s usually taken as 
0-15 in making calculations regarding the number of turns of 
rope re(piin‘d to enable the requisite amount of power to be 
transmitted. When the load on the wire rope is a varying one 
it is usual to proyidc a tension arrangement consisting of a 
loaded carriage to ensure that the tension 7^ will always be 
adequate. 

Example 25. The tractive force necessary to ojxjrate an endless 
rope haulage is 3000 lb. If the tension on the slack side of the 
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rope IS 1500 lb., calculate the number of tun^s of rope retjuireU 
on the pulley to puAont the lop* from shppinf; /< 0*15 


Solution. 



^ 3000 

Sinc<‘ -* - and vve cet that 

> o 1 sou 


log. 2-7K^, thcietoie 0 - 


log 2 

0-15 log 2-718 


0-3010 

0-15 ^ o-.4^43 


0-3010 

O-OOSIS 


4 -(.> ladicUis 



I K. •)_ I<1 \<)l l) Hi SH Koi n K ( HAIN 


I lieu* au' 2:: laduiiis in om tiiin, and as the tiiins usnaIJ\ incu ase 
bv I from J, tin nuiiiln 1 of turns m ‘nucIi a tasi* as this v\ouId, 
in practice, be i J Obviously, the calculation enables the smallest 
numlier of tunib to be calculated foi gi\eii conditions. 

Chain Drives. High elficieiu y, compactness, and silence m 
running are tin* chief advantages of (ham drives Seveial 
forms of link-f hams are available lor geiuTal driving }>urpos( s, 
but we need not do more than direct attention to two forms of 
chain that are cornmonlv us(*d in transmitting pow'or in mini-s. 
The drive shown in Fig. 52 consists of two strands of 2*75 in. 
pitch Rcnold bush roller chain, and it is seen that the pins 
by which the double links are connected are surrounded by 
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steel n)ll< i^. Suk i the components of the chain are in tension 
the} ar(‘ made ot hi^h teo'^ih steel, and the bearing surfaces 
are *dl cast-hardened to ensure that the joints will wear well 
When the distance between the centre's of the' driving and 
driven pulleys is ruu*ssanl\ short, it becomt s nec'essaiy to 
ust‘ a chain having; tin liiglu st (l»‘qi»c of Hc^xibility, and that 



1 1 .. 


is posse s^ctl b\ th< I\*i Hold iunoImI tooth chain shown in 
hig s; Both ioiins ot t jiain .10 um d widih in ininiiig w^ork 
lor tin* transmission oj power and in o}x*rating me*thanisms 
whidi art riormilK eonnteted bv g< .iruig ( Inim wheels of 
the' sinalki si/t s art iisualh rn.itlt ot hii^h t arbon stt'cl, and 
those of largt r si/e ait inaele t)t spuial elosi -grain cast iron or 
east sttel Hit' Utth are inaihint cut .iiui t ase-liardc'nc'd to 
enable them to withstand binding <ind shtsiiing stre‘sst*s and 
to wear vve 11 1 lit rniinbt r trt strands used in a gtsir depends on 

the power to be tiansinittc «1 and conscqutntl\ the width of the 
chain wlieels is sunilarU dependent on the pow'er to be 
transmitted 
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Transmission of Power by Gearing. Although iho luirmal 
relation a dnvi ii pulU*y ami tlu* tlrivrr is such that 

the shafts arc parallel, but may bt' iu ihlfcrtni horizontal 
planes, belts, single cotton ro|H‘s. aiul wire roins, may bt' ust^l 
to connect two pullt'ys the shatts ot w'hich are not parallel. 
Belts or ropes may be crosst^d to enable tin* direction ol 
rotation ot the ilriven j)ulley to be reversed, and guide ]>\dieys 
ma\ have to be en c teil tt) ensure that llu* belts or ropt‘s will 
K‘a\e the driver and approach the driven pulley in |>roj>i‘i 
alignment. Similar n^sults may be obtained by transmitting 
power from one machine to another through tt>otheti or woim 
gearing. 

Toothed Gearing. Hie leeth in gear wheels ma\ be lyiloidal 
when the outline i.s t(»nm‘d by twocuives that, eomiueiicing at 
the piti'Ii line, < ur\ e m 4)ppoMle diieetions. 4)i the\' !na\' U- ot 
the lorm ol the involute. The t(‘* th may bi‘ opin. •>! il it is 
desired that the leeth ol cast gears should hav»- tls m*iximmn 
"tienglli. tluA' may be shrouded W hen one ol «i p.iii (►! gi‘ai 
wheels is much simdicr tlniri tlu* other, that alone is shioudeil 
throughout the wliole d(‘ptii ol the tei lh Meshing g(*ai wheels 
ot similar sizes may be shrouded up to tlie fyifch line, that is 
the line u})on which the wheels might be s.nd to roll one ujmui 
the other, (iear wheels may b<* made of wood, raw hide. 
phosphor-bn»nya*, cast-iron, or cast stei l. |M>r mining work, 
gear w^lieels ai<‘ coinmonK made ot east-iron ot cast-steel, but 
the pinions ol high-speed machines m.iy be made ol raw hide*, 
especially wliere silent running is dt‘sirable. ( oal cutt<*i gear 
wiuH'ls are usnalK’ nuuK* of inanganest‘ east-st< el, or the\’ may 
b(‘ made ot mild steel, the teeth being cut in the lorg<‘d blank 
«ind attinwarils l ase-hardene^l Larger sizes of toothed wln-els 
are t ast. The length of the teeth may be parallel to the axis 
ot the wht'el. or, as in the case of helical gears, tht* l(‘eth may be 
st*t diagonally acro.ss tin face of th<- wheel in single formation 
or dt>iible herring-bone formati<ui. riu’ advantag<* (d helical 
gears is that at any instant then- are a greater number of t<‘eth 
in contact than there are with ordinary sj>ur g(*ar wheels, and 
this makes for greater strength and smoothness of running. 
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Horse-power Transmitted by Spur Gearing. The power that 
a gear is capable of transmitting depends on the strength of 
the teeth, of which th^' shape is an important factor, and the 
permissible speed. In workshop practice the Lewis formula is 
used to determine the safe load (W lb.) when f, the safe stress 
in lb. persq. in. ; p, the circular pitch in inches ; F, the width 
of the tooth fare in inches ; and k, a constant depending on 
shape of tooth, are known Having found the safe load and 
the pitch-line v(*locity, the horse-power may be calculated, 
thus- ~ 

kh'pfV 

W kbpfXh. and h.p. - — --- 

33,000 

The value of k for gears having different numbers of teeth 
are — 


No of teeth 

1 - ! 

1 K. ! 

20 1 25 ‘ 

30 

1 4 ^ 

1 1 

100 

k 

j •<• 7 ''' 

I •<><14 1 

I 1 

•loj 1 -loS 1 

•114 1 

j -124 

1^34 

1 *842 


The livelier tlu' load on any structure in mechanics the l(‘ss 
is the safe stress in the material, and that, obviously, varies 
according to the inaterud ust‘d in making the gear wheel.'-. 
The following is a stiitement of the relation of ])itch-hne 
velocity to the working stre.sses in cast-iron and steel 


I'lti U liiK* ilv in ft p< r nun 
(\ist inin {/ 11) pel s(| in ) 

Cast steel (/ lb per sq in ) 


2ooj px) boo goo 1 20oj 1800)2400 
tiooo 4S00 4000 3000 '2-100 1 2 000 *1700 


15000 12000 10000 7500 Oooo 5000 4250 

' I I 1 I 1 


Example 26. FiikI the horst'-powei that can safely be trans- 
mitted by a cast -lion toothed gear wheel having 20 teeth with 
a cmular pitch ot in and a face width of 4 in., if the pilch 
line velocity is 300 ft pel nun. 


Solution. H.p. 


0*102 X 4 X 1*25 X 4800 X 300 
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Had the gear wheel l>een m^de of cast -steel, it would hav^e been 
capable of transmittinc; 2|[ times the |x>\\er of the ttist-iion pulley. 


Velocity Ratio of Wheel Trains, l-ig 54 shows thnx.^ 
arrangements of gwir tvh^ t ls Since the meshing tvhecl.s have 
the same shape of tet^tli. the 



wheel meshing with thf jUTUon 

has 70 tetlh \Muit is iht spt<d ledmtion and the revolutions 
of th(* spill wlieel ^ 

70 4i 

Solution. Speed red uc lion - - 


Revs of spur wheel 


450 ^ 1) 4SO 

70 41 

90*43 p( r inin 


450 > 3 
M 


Example 28. The pinion wluel on a motor shaft makes 500 
r.p m. and it has i *> teeth Ihe spur wheel with which it meslies 
on the second-motion shaft has 45 teeth. Another pinion wheel 
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on tJh snond motion sliaft has 20 tetlh and it nushts \\ith a 
spur wheel on a drum shaft, the latter haMiig 60 teeth hind 
the rate at ulmh the diuni ^haft re\ol\ts and slate the sp*ed 
rt diiction 


Solution. 

Rotation of diiiiri shaft !f)tation of motor pinion 




Sp« t d rt tl IK tion 


500 15 20 

4*) 

t-) 00 () 


I S 


I 


OT O In I 


*v. 

V4 


£ 
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lilt stiidiiit will i< ij)|>r«<ntt tin inith of tlu haiuK 

ndt whiih stitiN til it tilt spttd t)l i diuin ^h ilt ttpnls tht 
"•fittd t)l tin driMiig slialt inultiphtd 1 )\ tin prodint of tin 
ninnbi rs ot tt t th in llu diiMiig wlitt Is di\ idt d l)\ tin piodutt 
ot tht miniluisot tooth 111 tlu dii\tii whit Is 

Use of Bevel Pulleys. Iluu au nian\ t \anipli s to ht louiul 
about a t-olliorv tor tin. luidof lx\tl])ullt\s 1 ig ^^lopresonts 
a tast in which the motion of ono shall is i ommunicati d to 
anothci tlu axes ot which in i\ be in the same \trtical plant 
but not m tht same hon/ontal plant It iscas^ tost that the 
onl\ tonditioii to bo conlorniod to is that ilu i\ts of shafts 
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in this wav should inlt*rstHl llu lower shaft might 
wel* have betn shown |krpendicuiar to tht plane of the paper 
rhost who know tin structural features of the Mavor \ 
C oulson bar (oal Milting mac hint will niognut in the tigure 
a skeleton skttch of a jH>rtion ol tlu gear lontaineil in the 
gear head ol that nuuhiiu and ivtivone will see that the bar 
mav bi disconiuilid tioni tht in>wn pinion bv raising tin 
tnitn alut 1 ituallv 

Worm-gear. I In iMtnding appluatittn ol (httiuitv to 
tin dri\ ing ot <litl»i<nt kirnis of inuhnns ilK>nt ttsil inine^ 
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and tin jinpiov t d dt sign of worm gt ais hivt ltd to tin inon 
txttndttl ns( of tin lattt r Winn it is dtsir»<l to ( hangt thi 
dilution ol rotation tiom oin shaft to ain>tlni whin tin it 
a\t Silo not inttisMt mtlwlnit tlu ih.ingt must bt t Mt < t<*d 
within tlu limits ot i m rv snuill spm thit ini) In tloin 
with i onsidt rablt ittiMiiuv bv nn ans ol woimgtanng 1 In 
tfluHiuv ol woimgtanng tit pt mis on tlu di.mntti pitt h 
and pitch lint vtlodtv of tin woini ami on tin aituiatv, 
sinoothntss and liibrn atnm of tin worn and tin worm-wheel 
W orm g( anng is list d in tin i tin >trm tion of < oin]> n 1 < on\e) mg 
and hanlagt gt ars 

Spence-Wild Reduction Gear I In air.ingt iiu nt of this gt ai 
Is showm in lug 56, and it is sten that tin gear toniprists 
worm drives with a fuitlur rtduvtion ot spied bv^ spur and 
junions Of these two reductions tin first is a perfectly 
balanced, thrustkss, double worm gt ar, (onsisting of a worm- 
shaft 4 , having nght and It ft hand worms gt anng into their 
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respective worm-wheels B. These rotate in the same direction, 
being mounted on opposite sides of the worm-shaft. The 
second reduction is of the spur type, consisting of two pinions 
C, gearing into a common spur wheel D, keyed on to the final 
speed shaft. The worm-wheels are mounted on the pinions. 
By fitting another similar worm-shaft A, and accompanying 
worm-wheels B, and spur pinions C, the reduction can be 
approximately doubled without increasing the size of the box. 
A cross-coupling E is fitted between the worm-shafts to allow 
an endwise movement, enabling the load to be equally 
distributed. The worm-shafts are carried in long gun-metal 
bushes, covering the full length of the shafts, with pieces cut 
away to take the w^orm-wheels. The latter, together with the 
pinions, are provided with long gun-metal bushes running on 
fixed spindles. The final shaft F is mounted on roller bearings. 
The complete assembly is housed in an oil-tight, cast-iron box, 
presenting a neat and compact appearance. This is filled with 
oil to a correct level, and no further attention is necessary. 

Clutches. When it is desired to engage a stationary portion 
of a machine with another part already in motion, or to release 
one part from the other when running, a device called a clutch 
is used. There are several kinds of clutch in use in connection 
with mining machinery. The simplest form of clutch is the 
block or jaw clutch, which consists of two similar castings of 
circular shape having three segmental projections 'which fit 
into three corresponding recesses, thus (*nabling the two 
portions of the clutch to be locked in position so that the po'wer 
in a rotating shaft may be transmitted to the driven pulley 
or drum. One part of the clutch is fastened to the pulley or 
drum to be driven, and the other part is loosely fitted to the 
shaft, and is arranged to slide along a feather seated in the 
shaft. The movable part of the clutch is operated by lever and 
linkwork. Such a simple clutch is suitable for a main rope 
haulage gear, for the clutch is inserted w^hen there is no load on 
the drum and when the engine or motor is rotating slowly, and 
it is withdrawn when it is unnecessary to run the engine while 
the train of tubs is running inbye under the control of the brake. 
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Friction Clutch. A friction clutch c()n^i^t^ of two principal 
parts, the outer fixed part which is rif*idly attached to the 
machine to be driven, and the inner movable pait which is 
rigidly attached to the driving shaft, but is capable of btung 
expanded within the outer part with siu h foice as to tirive the 
outer part round by friction. Such a clutch mav be used to 
connect sections of shafting or to impart the mention of a 
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rotating shaft to a stationary drum or pullev, and it is a feature 
of a friction clutrli that lire engagement ma\ Ix' (dtected quite 
slowly so that the load on the diiving engine or motor i'* 
increased gradually from zero to full load. I'lg. 57 shows a 
front view of the clutch and a sectional elt vatioii of the clutch 
and the mechanism by which it i^ operated. It will be readily 
understood that as th(* slt*eve A is pu.sherl to tin* left the levers 
BB are turned outwards, thus turning the* right and left- 
handed scre ws C(' in the direction necessary for the* extension 
of the distance D between the sockets, and so thrusting the 
parts EE against the clutch ring K, wliidi is attached to the 
mechanism to be driven. Although the engaging parts of the 
clutch are usually made of iron, the central part may be lagged 
with hard wood logs or other clutch lining. 

Centrifugal Clutch. Fig. 58 shows a Broadbent centrifugal 
clutch such as might be used for coupling an electric motor to 
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a h«iuld^t liu dutch consists of two iniin p*»its a loose 

exlenoi rim and a last interior ^indt i I he spidc i i- ke\t‘d to 
the motor shaft and carius with it a iiiunbtr ol loose* shiH's 
that ait contained suitable |H)ckcts I at h ot the shots is 

lined with I erode) tabru on the outer tue \s the mott)i 

speed increases troin ust the slicv s ai< thiown out ladialh 
b\ the centrifugal tone generated in the in and t!u\ engage 
with the intenoi c>hndiieal suiface ot the leuise run and eaiw 
the lattci to lot ite »it the smie s]Hed as tlu luoloi It i'- 
an advantage ol this iomi ol elute h that its u tion is auioiuatie 
irid gradual end that when lull speed has been attained the 
lull load is ipplit d to the motor thus it st rve s tiie ‘-aiiie purjxisi 
as tlu llcxible (ouphng oi Iru lion e lute h iln id eiesmbed 
In «i inoditud foiin ol tlu ehiteh the shoes hive spungN 
itlac lit d to tlu in to pie \ t nt the e ng igi nu nt ol tlu she>e s w ith 
tlu iim until tlu niotoi (\( single ph ise or I)( shnni 
wound) lias be t n le ( < 1< nte d to 75 |U i i e nt e»l its lull sj>e < el 
I he dutch in i\ ilsidu lifted with i h ind e ontiolle d rde ase b\ 
w hu h the shoe s m l)e (lise ng igt d wuhoul ilte ling the spe e d e)l 
tlu motol Ste d le»lle Is on i sliding sie e \ e oj »e i ite d l>\ «i h ind 
1 < \< I, engage With ’e \ t is tunnng on pins in the i « ntial s[)ide i 
to press the levers tove iids tlu eliiving shift thus driwiilg 
back the shoes 1)\ the bolts whu h se ( nit tlu into the levels 

M I 1 HI \( 1 HOOKS 
If M / t; I hnu b\ 1 It tnd Ke 1 < \ 

Mtehum tl ll arid eai Ink 

Maihme Dxuiin^ mid Ih uu bv lew nut He \ is 
Meihiniiml J fnipintut ft Hutu Iv e M l*tri\ 
applied Mtthanu b\ jiniiesem uid Xiidiews 

I i4n/ thn S */ i\ Hn w/ » f t M t hn 1 \ // M lu li M 

St itiom I \ t )tfi < 

1 M KCISl Ml J SMONS 

I \ pan of ^t«u u he els li iM te < th e»l I in 10 nl o ]j|te )i i lie 
pinion tnins it o<»o i p ni aiul los i leitb 1 lie wheel me shin 
witii it IS to tnin It ioo i j> ni I low ni m\ teeth will the spm 
w lie ( 1 lia\ t .me I w }i it will t»e the < list me e lx t we 01 t e nt n s < 1 t he 
whet! and pinion when m eoiieet iiusli 

\^ud ( /as / tmu \o\ I'M- 

1 McMition and hiiifi\ dtseiibe thife lonns ol e lute h aid 
iiidie.ate. he>w t he \ n< used in minin^ inaehineic nid for what 
])urposes W C /a s / taa/ \o\ I 
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3. In connection with gear wheels, what is meant by the terms ; 

(a) ]>itch line, (b) circular pitch, and (r) double helical teeth ? 

{2}id Class Exam., Nov., 1934.) 

4. What is a flexible coupling ? In connection with what kinds 

of plant are flexible couplings used ? Describe one form of flexible 
coupling. (2.nd Class Exam., Nov., 1937.) 

5. Enumerate the types of drive available for transmitting 

power from an electric motor to a fan or a pump or a haulage gear. 
State the conditions suitable for each type of drive. What is a 
We-rope drive ^ (ind Class Exam., May, 193^.) 

6. Make sketches showing a portion of the rim of a gear wheel : 

{a) having machine-moulded straight spur teeth shrouded 

to the pitch line ; 

(b) having straight machine-cut spur teeth of involute profile ; 

(c) having machine-cut double helical teeth. 

(is/ Class Exam., Nov., 1935.) 

7. 'fhe bc^ss of a gear wheel is (> in. through from face to face 

and is bored 5 in. diameter, being a .sliding fit on the shaft. Design 
and draw full size a key to suit the gear wheel and shaft, showing 
all useful dimensions and stating the material to be used for the 
key. Is it a good practice to make a key to fit top and bottom as 
well as on the sides? (is/ Class Exam., May, 1939.) 

H. How would you arrange the gears of an endless-rope haulage, 
the electrii' motor of which develops 100 h.p. at 960 r.p.m. whilst 
the fleeting pulley turns at i z r.p.m. ? State the types of gear that 
you would use. (ist Class Exam., Nov., 1936.) 

<). A sheave or groo\ed pulley, with shaft and bearings, is re- 
(piired for carrving a i-in. diam. steel rope in a headgear over a 
vertical shaft. Draw up a specification to be sent to the makers 
wh(»n inviting tenders. Assume your own conditions, and include 
all dimensions aiui particulars likely to be useful. 

( 15 / Class EAam^ May, 1937.) 

10. A steel shaft is 4 ft. long and 7 in. in diameter. At one end 
there is a solid half-coupling i<S in. in diameter and 2 in. thick in 
the flange. At the other end there is a separate cast-steel half- 
coupling keyed on. This half-coupling is 20 in. in diameter, and 
3 in. thick in tlie flange. The coupling flanges are plain. Make a 
-Side elevation of this assembly to a scale of ij in. to i ft., with 
dimensions, choosiflg your own dimensions where not given. 

(is/ Class Exam., May, 1938.) 

11. The teeth of gear wheels may have an involute profile and a 
pressure anf^le of zo'^. Explain the terms in italic type and also 
what is meant by “circular pitch” and “diametral pitch.” 

(1st Class Exam., Nov., 1938.) 
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ELEMENTARY ELECTRICAL PRINCIPLES 

Electro-Magnetic Induction. The piiiu iple (»1 elec tR)- magnetic 
induction discov(‘ied h\ haraday. athrm*" that when a coin 
(luctor is ruoveii s(' as to cut magnetic lines of torce. an elt*ctR>- 
motive force is induced in the toiuluctor. and it the coiulm ttjr 
torins part ol a closetl circuit a currt'ut ot electrndt\’ will How 



through it The runniest moile dI geneiatuig an elei tiomotive 
ton e (K.]\I h' ) bv magnetic mducti<ui is illustrated in hig 3 f». 
The conductor AH is j)la<ed in tin* inagnetii hel«l l>etw»‘en the 
poles N and S and is couikm t<-d to tin external cin uit in whi< h 
there is a galvanoiiu ter (i. It the i caiductor 1m- moved upwaid 
through the tield <in M M b. will 1m* indiuetl in it, and current 
will How in the direction of the ariow, tin* needle* ot the 
galvanometer b<*ing dcHected to one side* ot the zero point, but 
it the c onductor be moved downward die din-t tion <»1 tin* 
< urrent will be n*versed and tie needle «>1 the gal\Mnonu*tei 
will be deHect(*d to the other side of the zero point. Should the 
conductor be moved along the lines of tone, the latter wouhl 
not be cut and nc) K.M.F. would be indue ed 

Magnitude of E.M.F. This <h -pt'iids on the combined 
influence.s of three factcjrs : (i) the .speed at w'hic h tin* (*on- 
ductor is moved ; (2) the angle betwicn the ilirection ot 

motion of the comliiclor and the direction ot the lin<*s of fon e ; 



MINING MACHINERY 


(3) the number of lines of force per unit of area, called the 
flux density. An ini])<)rtant idea is that the E.M.F. induced in 
a conductor moving in a magnetic field depends on the rate 
at which magnetic lines of force are cut by the conductor. 
This is the prinriph^ upon which dynamo-electrical machines 
are constructed and operated, and the effect of such operation 
IS capable oi transmission to remote parts of coal mines for the 
utilization of power so transmitted. 

Fleming’s Right-hand Rule. Tlu* direction in which a cur- 
n^nt will tl(AV in a conductor which is moved across a magnetic 
field in a <'(*rtiiin direction can he readily determined if the 
thumb, fon tinger, and scrond finger of the right hand be held 
mutually at right angles, with the thumb pointing in the 
direction of motion of the conductor and the forefinger 
pointing in the direction of the lines of force from N to S. 
The second linger w ill tlu*n j)oint in tht‘ direction of the induced 
cm nut, riie <'onv(‘rsi‘ of this rule may be applied to the 
electric motor if th(‘ left hand is used, for it a conductor lying 
in a magnetic li(‘Id is carrying a current th(‘ conductor will 
be siibjc'c't to a lon'e which tends to move it in the direction 
determined by tlie dircTtioiis of the cuirent and the lines of 
force. Here is stated the simple ])rinciple of the ele ctric motor. 

Alternating Current in a Loop. Fig. f)o shows a rectangular 
loop of win- re volving in a magm’tic fie ld .ibout an axis per- 
pe'Tuhciilar to the* lines ot foree. l'he‘ re)larv part of tlie simple 
dynamo, c.ille el the* arin<vtuiv e'oiisists of twa> inductors A and 

suppe)rle‘d on a spineile ('. and eentre*d be^twwn the* poles N 
anel S ol an electrei-magne t. Ihe t'lids of the loop are attached 
to tw'o slip-rings .S\ and S2, and the external circuit is cem- 
ne'i'teel to the* ends of the leiop by nu'ans of metal contacts or 
brushes bearing em the* slip-rings, W'hich are insulated from the 
spineile*. If the* rotation eif the armature is conside'red to be 
clockwise, the* application of the* right-hand rule wall show' that 
the induced current passi's round the loop and the external 
circuit, as the inductor .1 passes from its lowest to its highest 
position, in the elirection of the arrows. When the inductor B 
passes in front of the N pole from its lowest to its highest 
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position the current will flew front front to back, in the 
opposite direction to that in which the current flowed while 
the inductor teas passing in front of the S jx)le of electro- 
magnet. It is thus apparent that the cunent in the external 
circuit is an aliernatinm one. and that the E.M.F. varies in 
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niagniludr and sign during tlic revolution t»f llir looj). When 
the loop is passing through the vertical ])ositiou the iiuiuctors 
are moving parallel to tlie lines of force, and therefore no 
E.M.F is induced, but when they are moving vertically, as 
the loop passes the middle of the pol<*s. tlu* lines of force are 
cut at the great<‘st rate, and consequently the l^.M.E. is then 
a maximum. .\t any otlier instant wlieii the angle between 
the direction of the indiK tors and tin* dire( tion of the lin(‘s of 
force is 9 it is clear that the ve rtical coniporient of tin* velocity 
of the inductors must be V sin 0, lumce the curve of E.M.F. is 
a simple sine curve which may he constructed graphically in 
the manner indicated in the lower portion of Fig. 60. 
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Equation of E.M.F. If an inductor of length 1 cuts across 
i magnetic field of flux density at a velocity of v the 
ll.M.F. induced in the inductor is Blv units (C.G.S.) or Blv 
/ 10 *^ volts, but as the rate at which lines of force are cut 
vaiies according to the sine law. tlie instantaneous value of the 
voltage is represent(‘d by Blv sin 0 X lO'^ volts. 
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Commutation of an Alternating Current. 1 1 instead of having 
insulate<l slip-ring> attached to the ends of the loop, we have 
two seini-cylindrical coininutator si“ginents attached to the 
sjnndle, and insulated iroin it and from t'ach other, as sliown in 
Fig. 6 1 , it is clear that the current in inductor A will pass from 
front to hack. The current in inductor B will pass from hack 
to front and t'nter tin* <'.\t<‘rnal circuit at the commutator st‘g- 
ment (\ and brush />\. When inductor . I has moved across the 
upjH r neutral position into iht' region of the pole S, the com- 
mutator segment C'j will make contact with the brush and 
as the current in the inductor is passing from back to front to 
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coiuiiiutdloi M gmi nt L .. ii ista»vitKW that thi nulr.ad lurr^nt 
will enter the external oneuit In tht* same hnish [li^) as before, 
hence the alterniitiHi: (mieni in tht‘ arinaiiiif i^^ leetitied by 
the ( oinniutatf^r so th.it the I'lirreni in tht' e\tt‘inal circuit is 
uni-dirt‘ctiona! oi (ontinnou" The Nanalmn ot the h M.h. 
across the bru'*‘hes witli ilu‘ anmilar ilisplat einent i»l tht‘ loop 
from the \ eriica] position I w tween the poles is shown b\ llie 
curve in tht^ Uaw i ]>ortion ot the li^iirt' 

If anothtT p.iii 04 in(hici(iis wtit .ittaiiu'd it* th<* spnulle so 
tli.'it th ‘ plane of tlu^ lot*p ftninttl b\ tht in madt' a ludit ani,l« 



witii the plane ol tht Itnip !/>. and an atldUion.il ]*.ui t»l muii 
nint.itor se^jineiits wtre pro\ide<l. tin t iint «>f I' M h wtaiM 
Ix'displat ( d 1)0 tr<*in the ( nr\< sliown in I'l)^ t>i , hut. .is will 
1 h* seen on lelininif^ to hie th<‘ lesiill.int h- M h wonld hi 
tile siiiTi of the Mist. mt. oil oils \alu< s oi thi m p.ii.ite h, M h ’s 
The variations in tin tot.il h, M h. .ue It ss pionimmed th.in 
th<*se in the origin. d eiUM <*t h M h . anti it wi joined thnt\ 
sneh looj>s in st-ries tht‘ 1C M h would bi |>i.i« ti< .dl\* ji<i (lom 
tliict ii.itions 

Ohm *s Law. It ist.ipablt ol txptnnunt.d \'ei iln at ion that 
tin* ratio oi tlie \ olt.ttje at ros> tht* i ntls oi ,\ « oiitliit tot to tin* 
tiirrent indiit'ed in tin tontlutttir is tonsi.mt, pn»\i<led the 
physical tondition oi the ctnitliitUtii tliM*s not t han):^e dnrini^ the 
e\pt‘riim'nt . Ohm eriimt !ate<l tht law. known as (ihin's Law', 
thus: th(‘ current (' intliKed m ctmdui tor oi resistance R is 
j*roportit>nal to the jxiteiitial thtfereiK e I: at io-.s tht* ends t>f 
the coiitliictor. Kxfiressed in svniholit fonn, this hertnnes 
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- R. 'rii(‘ ('urr<‘nt (' is m(‘asurccl in ampcTes, the potential 

difference in volt^, .ind tin* resistanre in ohms. In order to 
avoid confusion it ina\' he ohserv(‘il that electromotive force 
is the term applied t<» that ehrtrical force which, when applied 
to two points in a conductor, produces a potential difference 
(F D.) between th<‘in. 

A Simple Circuit, h'if’. (>3 rt‘j)resc‘nts a simple circuit in 
which is sliown a d^'nanK*, a voltmeter, an ammeter, and 
lamps in parallel. It will Ih* ohstTvc'd that the voltmeter is 


Ammeter 



conne( t(’d across the hnisht N and I hat the* amnudcT is connected 
in nt’fics. This an«ui^ement i^ luvessarv to enable the F.D. 
across thi‘ brushes to be measured without taking currtmt from 
the d\naino, and tlu* current to be lueasund without inter- 
posing a great r(‘si>l<ince in the p.itli ot the current. The 
current passes trom the p(»siti\'e brush ot the dynamo through 
the posit i\(‘ lt’(ui and ammetia, tlu'u through the lamps and 
bai k by the negative to the negative brush ot the dynamo. 
In this ('in'uil the total n'sistance i'> that due to the resistance 
of the leads phis the res)>tanc(‘ ol the lamps, tht' former being 
in srn'ts and the latter in (yarallcL 

Specific Resistance. Materials used in electrical engineering 
may be divided ipto two classes : (i) thosi' which are good 
conductors ot electricity ; (2) those which an' bad conductors 
1)1 electricity. The former are called conductors and the latter 
insulators, Silvtu*, copper, and aluminium are good conductors 
of electricity, and porcelain, slate, vulcanite, and rubber are 
good insulators. In speaking of the resistance of a circuit it is 
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pr(>|X)rti(>n«il to tlu tin .t ot < ros^ mi tion, thus R 


’tec^'ssarv to know thi s|vntu nsiMttiKt of tfp* inateriaK 
omjxising iho \,inous parts oi tlu 1 in nit Ilu* s|-kvj!ic 
losi^tarui* <)1 tins lUtituial is that oIIoimI to tlu‘ pasMge of 
f. u! font bt twii It opp ivjti taies ot .1 < uIk' ot unit h’iij*tli of edji^e 
I lu* sptxitK lesisianct* in ohms ot 1 matt iial inav lie iffiTied to 
in terms ot the itiitimetu*® 01 the nuh^ hoi .1 1 oiuluctoi of 
L;i\eii inatonal at a (oiisiant lempeiatuie the lesistatue is pro- 
portional to tlu loiijLjtli .ind siHutu lesisiaiue and nneiselv 

a 

p is the sjKcitii usistaiiit in ohiiis jm 1 Kiitinu'tie tube / ’he 
length oi tlu londiu tor in <« ntnnetn s, and a th< area ot truss- 
set tion in scpiait (tntniutus Smtt i in t (pials 2*54 t in , ind 
1 sij in eqn iK () ^5 sq ( m , tlu sp(< itic resistance in ohms per 
nu 1 1 cubt 

sjHdtu usist*in(t in ohms pt 1 ( « ntinu tn ( ‘1 • -! s4 

(1 15 

lurut it tlu \.i]iu ol p toi <op|Hi is 1 5()2 » io‘’*olnns pel 

I 502 10 2 34 

IS 

o bj • 10^ and this at tlu t<in]Miatui( o t 


i ( ntinu tu ( nb< tlu \ iiliu j f 1 nu h < iib( 


Example 29. (aUuhiti tlt« uMstaiui ot a(«>ppo 
lon^ and ha\ing a itoss Mttuuial ana ot o i sj| in 


Solution. 
pi 1 50 -’ 


R - 


254 2000 

o <» I 


\\\n .*ot>o \d 


0 4 S olijii 


Example 30, 1 ind tlu ao *i of cross Mdion ot .t loitdiulor 
1500 \d to transmit i^oarnp so that tlu t<»tal diop ui \olis 
aloim tlu conductor nun not exceed 25 

H\ Ohnrs law, the usjstaiKc <»f tin conductor 


~ o I ohm, diul as R 


pi 

, w« ha\t a 
a 


R 


i‘592 X 2*54 ' isoo > ^ 12 

6*45 A io« X o-i 


o* 4 ^ scj. m 
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Variation of Resistance with Temperature. When a current 
of electricity is passed through a wire, heat is produced in the 
wire and the temperature and resistance of the wire may rise, 
hence I the reason for specifying a limiting temperature rise in 
electrical apparatus. Given R©, the resistance of a wire at 
0 ® C. ; C, the rise in temperature, and a, the temperature 
coefficient of the material composing the wire, then the increase 
in re sistance is R^ai, and the total resistance ^ R^cU 
-- Rg{i + o/), or if C. be the temperature of a wire whose 
resistance is known, and /g® C. is the temperature at an unknown 
resistance, the latter may be found by R2 == Ri [i + 0(^2 -fi) ]• 
The temp(Tature coefficient of copper is 0*00428, and of 
aluminium 0*00423. 

Resistances in Series. When an electric current flows 
througli a number of resistances one after another, the resist- 
ances are said to be in s<Ties. Let r^, rg, and be resistances in 
series, and C the current flowing through them, then the drop 
in voltagt* across the resistances are by Ohm's law Cr^, Cr^, 
and CV3. and the sum E -- ('(rj + + r^), hence the total 

resistance R ^ + ^3. 

Resistances in Parallel. When an electric current is divided 
up so that each portion flows through a separate resistance, 
the resistances are said to be in parallel. In this case the 
voltage drop across the points to which the resistances are 
joined is It, therefore the current passing into the branches 


E E E 

would be represented by — . - , and — , and the total current 


c; 


E 


E 

^2 


— = aY — + ~ + “Y ft is thus seen that the 
''3 ^ rj 


total resistance equals the quantity within the brackets, and 

r 

if fj ft follows that R ^ . 


Eicample 31. Find the voltage required to* send a current of 
3 amp. through three resistances of 10, 15, and 20 ohms respec- 
tively when these are arranged (a) in senes, (b) in parallel. 
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Solution, 

(rt) £ -« C (r| I r, ^ r*) - ^{10 -f 154- 20) 135 volts 

C 3 

{b) h = - - - ^ ^ ^ „ Ij.g volts 

~ -J i ♦ — 

ri ft 10 ‘ 15 20 

Example 32. Ihe u-sistances of three ciicuits A, li, and C in 
parallel are rt‘s|H.‘cti\t‘l\ 10, 15. aiul 20 ohms, and the total cui- 
rent passing is 30 amp 1 uul the cuirent in each circuit 


Solution. 





1 


I 

Current in A 



10 

1 otal current 

i r 

1 1 

I 1 


i i 


1 c - 



f S 11) 

1 5 ‘ 20 


^0 60 

1 hCH> 


/. Cut lent in 

no 

1 ^0 

1 v^4 amp 

Current in 

1 

f't 

J 5 

(k> 

Total cuirent 

r 1 

I 1 i 

1 <)S 


ft ' ft ^ 

I, bo 



30 (HJ 

I Moo 


/, C uirent in 



0 2) amp 



19s 



1 

1 


Current in C 


20 

Oo 

T otal ( urrent 

j I 

1 

1 n 

2<>() 


fi f't 

r, bo 



30 ^ 60 

1800 


t uirent in < 

2(>0 

2(>o 

b 92 amp 


Ammeter. One of the effects of j>assing a ( nrrenl through a 
wire IS to raisi the ti'mperature of the %tire, and as tlie linear 
expansion of tlie wire is proportional to the increase in tempera- 
ture. the heating effect of a current gives a ready means of 
measuring the current. Fig, 64 is a diagrammatic representa 
tion of a " hot-wire " ammeter. A thin platinum silver wire 
W is stretched between two terminals 1 ^ and Vj. Attached 
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at the middle of the wire there is another wire P of phosphor- 
bronze, which passes round a small drum D and is connected 
to a spring 5 . W^en current passes in the wire W it expands, 
but is kept extended by the action of the spring. The 
movement of the spring, or the extension of the wire, is 
communicated to the pointer which passes across a scale of 
amperes. From Ohm's law, E = CR, we get that EC = C^R, 
hence the heat produced is proportional to the square of 
the current, and consequently the extension of the wire, and 
the movement of th^ pointer across the 
scale, is proportional to the square of 
the current. It is for this reason that 
the scale is unevenly divided. 

The magnetic effect of a current may 
also be utilized in the construction of 
a " moving coil " ammeter. Fig. 65 
shows a diagram of such an instrument. 
It consists of a coil of wire hung upon 
pivots between the N and S poles of 
a permanent magnet M. The move- 
ment of the coil about its axis is governed by a thin spiral 
spring at either end of the spindle. The effect of the springs 
is to return the [)ointor to zero wlnm no current is passing, 
and they .serve also to lead the current to and from the 
coil. A pointer P is attacheil to the spindle and moves 
with the coil. Since the coil lies in a magnetic field a 
torque must be applied to it when a current is passed through 
the instrument. The torque is proportional to the current and 
the strength of the field, but as the latter is constant the torque 
is proportional to the current, and the movement of the 
pointer across the scale is pro{X)rtional to the current, hence the 
scale is evenly divided. 

Owing to the fact that large currents may have to be 
measured with either form of ammeter, it is usual to place a 
low resistance shunt across the terminals, so that only a small 
but definite proportion of the whole current passes through the 
instrument. 



Fig (>4 Hoi-wikb 
Ammetkk 
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Voltmeter. Since the P I) betwet^n my two points m a 
circuit IS proportional to the current flowing through a known 
resistance <onnected in senes across thost' points, either of the 
hot-^Mre or moNing-coil instruments ma} be used as a volt* 
meter The lower [x>rtions of Fig 65 show the low-^resistance 



shunt foi an amini tei and tlu high nsistaint suits toil foi 
a \oltimlcr 

Example 33 I he iiiov ing cuil of an amme Itr lias a rcsistanct of 
i ohm and tht maximum ciirrtnt passing Ihiough it is o 01 amp 
What must Ix^ tlu shunt resistance if the instrument is to read 
up to 100 amp ^ What itsistaiice must be placed in series with 
the coil when it is connected as a voltmeter across the terminals 
of a 200 volt supply ^ 

Answer. 1 he f* D across the coil in the first case C/if *002 

E o 01 

X I =■ 001 volt, and the shunt resistance R 

C 100 — 0*01 

= ^ - ohm When the rt sistance is placed in series with the coil 

9999 

to enable the instrument to be used as a voltmeter, the total 

h 200 

resistance must be /? -f- i, and as that ~ ~~ o 01 ohms 

the series resistance R =« 19.999 ohms 
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Power in a Circuit. Power is the rate at which work is done, 
and the electrical unit of power is the watiy which is the product 
of I volt by I amp., thus watts, W = fC, and i h.p. = 
746 watts. In the measurement of power it is often convenient 
to use a larger unit, the kilowatt (kw.) and in reckoning cost 
of power the Board of Trade Unit, or kilowatt-hour, is used, 

_ _ . watt-hours 

thus B.O.T. units . 

1000 


Example 34. An electric motor is supplied with direct current 
at 500 volts, and it takes 72 amp. of current. Find the input 
horse-power of the motor and the total cost of the power con- 
sumed in 7 hr., if the cost of power per B O.T. unit is one penny. 

Solution. Watts = EC = 500 x 72 = 36,000 

Kilowatts == watts -r 1000 = 36,000 -r 1000 = 30 
B O.T. units = kilowatt-hours = 36 x 7 == 252 
Cost of power = B.O.T units X cost per unit 
= 232 X 1 — 252 pence 

- i\ IS. 

Wattmeter. The |K)wer in a circuit is measured by a 
wattmeter, which is so constructed that the movement of the 
pointer is proportional to the product of the E.M.F. and the 
current. Fig. 66 shows two fixed coils Q and Cj connected 
in series with each other and with the circuit, and a moving 
coil ("3 which is connected in .series with the high-resistance R 
across the mains. A pointer P is attaclu'd to the moving coil, 
and it is capable of traversing a scale wiiich is divided evenly. 
The mov’ement of the pointer is proportional to the product of 
the current in the moving coil and strength of the field 
produced by the current in the fixed coils, and as the current 
in the moving coil is proportional to the E.M.F. and the 
strength of the field is proportional to the current in the 
mains, the pointer registers the product EC, the true watts. 
It is thus seen that the measurement of pressure and quantity 
is effected on the bases of effects of the current in a circuit. 

Magnetic Effect of a Current. When a current of electricity 
is passed through a wire passing through a sheet of papier upon 
W'hich iron filings have been sprinkled it is found that the 
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^ tilings group themselvt^s in chains, iortning concentric circles 
around the uire with the wire at the centre of the circles. 
The arrangement of the filings in this order arises from the 
fact that the filings have been magnetized by the influence 
of the electric current, each magnet having its N and S 
poles, and the direction of the lines of force exhibited by the 
filings is definitely related to the direction of the current in 
the wire. If the current flows down through the wire it is 
assumed that the lines of force 
pass round the wire in clock- 
wise direction, and that con- 
nection is signified by the 

corkscrew rule.** If a wire 
is arranged in tlie horizontal 
position over a magnetic 
needle and a current is sent 
through it from the S pole of 
the needle to the N pole, the 
latter will be deflected to the 
west, but it would be deflected 
to the east if the direction of 
the current was rever.st'd. This is a u.seful test by which to 
determine the direction of the current in a wir<‘ ; it is the 
principle of tlu' galvanoscope. 

When a current is pa.ssed through a wire which has been 
wound in the form ot a lielix, a s(den()id having N and S 
[>oles is formed. In Fig 67 the direction of the current through 
one of the turns of a helix is shown to take place from the cross 
to the df>t, and if we apply the corkscrew rule we shall find 
that the magnetic lines of force pass in one direi lion through 
the solenoid from the S to the N |>oie. 

Magnetic Circuit. The simplest case of a inagiudic circuit 
is an iron ring of circular cross-st‘ction, as shown in Fig. f)S. 
Supp>ose the ring to have a mean length of / centimetres, an 
area of cross-section of a square centimetres, and Iwf wound 
with a magnetizing coil of T turns of wire. Then when a 
current of C amperes flows through the roil the magnetizing 
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force is given by H = , and as the total flux N (magnetic 

lines of force) through the iron is given by the product of B 
(the flux per square centimetre) and a, and B — fiH, where 



KiG 67. SoLENOin 



is the iM'rineability of the iron, we have N 

vz^CT magnetomotive force 

/ I reluctance 

— . V — 

a " fi 

Example 35. An iron ring having a cross-sectional area oi 
3 sq. cm. and a mean circumference of 50 cm. is wound with 
100 turns of wire. Find the number of lines of force (total flux) 
passing through the iron if the magnetizing current is 8 amp. 
and the permeability (/i) of the iron is 2000. 


/^I■25C7'« 

nHa = 


Solution. 


^ ^ /4 . i-i^CTa 2000 X 1-25 X 8 X 100 X 3 

Total flux r r- 

I 50 

— 1 20,000 lines, or 40,000 lines per sq. cm. 

Since the value of /n for air is i, we may profitably ascertain 
the flux^ through a ring in which there is a gap of, say, 0*2 of a 
centimetre, 


rotal flux 


1-25CT 


- - -f - 

13,351 lines 


1-25 X 8 X 100 
" 49-8 


3 X 2000 


0*2 


The difference between these results may Ixj interpreted as 
meaning that a greater number of ampere-tums (CT) would be 
required to proiluce the greater flux through the air-gap. 
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Electro-nia^^ This may consist of a straight bar of 
soft iron, around which has l>een wound a wire through which 
may be passed an eU’ctric current. When a cummt is sent 
through the wire the bar of iron becomes magnetized* the N 
pole being that from which the magnetic lines of force emerge. 
This form of electro-magnet is used in the no-load and over- 
load relea.ses attached to the controller of direct -current 

Beti Cirxyit 



motors, and wiien it is niadt‘ in tin* form of a horfH'.shoe, it 
may be used to lift heavy weights or to actuate* tlu* armature 
of an electric bell. 

Relay. When an eh'ctnc current has p.issed over a long 
distance, as in underground signalling, the fall of |x>tential 
may be such that the current at the remote end of the system 
may Ik incapable of jH*rforming us<*ful work in actuating the 
armature of the bell, ])ut as the magnetizing effect is pro- 
portional to the product of the ain}'w*res of current and tlie 
number of turns of win* on the solt*noid, the solenoid of a 
relay may be wound so that the weak current in the Hne may 
be sufficient to operate the relay, and thus clow* the local 
circuit in wffiicli there is a battery of sufficient strength to 
oix*rate the armature of the lx*ll. Fig. 69 shows a relay in 
conjunction with a bell circuit. 

Electric Bell. This device consists of an (‘lectro-magnet, 
one end of the coil of which is connected to the binding screw 
A, to which is also attached the wire from one of the ** push ** 
terminals. The other end of the coil is connected to the fixed 
end B of the armature, and the circuit is completed by a 
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spring 6*2 and the wire passing from it through the other 
binding screw D to the battery E and the other side of the 
push/' When the circuit is closed by pressing the push/’ 
a current flows round the electro-magnet, causing the armature 
to be attracted and the hammer H to strike the bell G. Since 
this movement of the armature breaks contact with the 
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Sfniiig (*2, the current ceast\s to flow, tlie armature is demag- 
ru'tized, and coiiM'qiu^ntly the spring to wdiich the latter is 
attached, is free to return to its original position in contact 
with the sj)ring r2. The current again flows through the coils 
of tlu‘ electromagnet, and the same cycle of events takes 
place with the result that the bell continues to ring so long as 
the ” push ” is pressed (See Fig. 70.) 

Self-induction in j^ll Circuits. Insj)ection of the gaps 
Indween the ends of the iron cores of an electro-magnet and 
the armature of an electric l>ell, whilst the bell is ringing, will 
reveal that bright and hot sparks, sufficient to ignite fire-damp, 
jump across the gaps. 

'riiat the sparks emitted are hot enough to ignite fire-damp 
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may be proved by placing the bell, or the ringing point on the 
wires, in an explosive mixture of methane and air. WTien an 
electric current is passed through a coil of wire surrounding 
an iron core a strong magnetic held is produced, and if the 
electric circuit be quickly broken the colla|.>se of the magnetic 
held results in the establishment of an E.M.F. of self induction, 
which causes the energy in the circuit to be dissi|xittHl in caus- 
ing the current to pass across the air gap at the point where the 
circuit is broken. 

It is obviously dangerous to have electric bells in fiery mines 
unless some means has lK*en provided for rc<lucing the energy 
of the sparks to such a |K)int that they bec'ome incapable of 
igniting hre-damp. 

ElcHTtric signalling Ix'lls inav lx* m.ide intrinsically safe by 
winding on to each Ixibbin of the clectro-magnct an additional 
coil of copper wire, and bringing out the ends o* the coil to 
two terminals which are joined by a short length of stout 
copper wire. There arc thus in each mtrinsicallv safe elwtric 
bell two short-circuited coils round which the self-induced 
currents are allowed to pass to dissipate flie energy released 
on the breaking of the circuit by the withdrawal of the 
armature from the cores of the electro-magnets 

Sparking is not prevented, but sucli sparking as d<H‘S occur 
is incapable of igniting hrc-dainj). Such Ixlls may lx* enclose<i 
in a flame-proof case and be connected to ringing keys on 
haulage roads by means of bare wires, but flanie-pi<K>f en- 
closure is not es.sential when sparking is iion-incendive. 

Chemical Production of an Electric Current. Jf pieci*s of aiiv 
pair of the following substances, namely, zinc, cadmium, tin, 
lead, iron, nickel, bismuth, antimony, copper, silver, gold, 
platinum, and carbon, be taken and partially immersed in a 
dilute solution of sulphuric acid, a current of electricity will 
flow through the wire joining the substances from that which 
is named last to that which is named first ; thus, if we were to 
use plates of carbon and zinc in this way the carbon plate 
would become the positive element and the zinc the negative. 
The Leclanch^ cell, which is much used in mining for signalling 
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purposes, has carbon and zinc elements. In the wet, or porous- 
pot, type of cell, the carbon rod with a mixture of carbon 
particles and manganese dioxide (MnOg) are contained in a 
porous pot which is sealed with pitch except for a gas vent. 
The zinc rod is placed in the containing glass jar in a solution 
of sal-ammoniac (NH4CI). When the cell is working, zinc 
chloride, ammonia, and hydrogen are liberated, and the 



nascent hydrogen «icts on the peroxide of manganese (MnOg) 
to form tile lower oxide Mn^Og. These reactions are represented 
as lollows ~ 

2NH4CI + Zn - ZnClg -f NH3 -f Hg 
2Mn02 + H., - Mn^Oa + 

Time IS necessary for the complete reaction of the hydrogen 
with the manganese dioxide, and consequently the action of the 
cell is intermittent. In the intervals of rest between signals the 
cell recovers its strength and is eminently suitable for signalling 
work and telephony-. The dry form of the cell is much used 
in telephony. Fig. 71 is a section of the wet Leclanche cell. 
At full strength the E.M.F. of the cell is, about i*6 volts. 

Determination of the E.M.F. and Internal Resistance of a 
Cell. The E.M.F. of a cell may be determined by comparing it 
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with that of a standard cell by means of a quadrant electro- 
meter. Fig. 72 shows the arrangement of the apparatus used 
in making such a detennination. It is seen that one pair of 
quadrants is earthed, the other pair being arranged so that it 
may be charged by the cell at C. /). E, F, and G are pools of 
mei’cuiy’ in a block of paraffin wax. The quadrants A are con- 
nected to the mercuiy* in I) and the quadrants Ji to F. On 
placing a connector l>etweon 1) and F, the moving vane of the 
electrometer ccmes to rest at zero on the scale. The terminals 
of the standard cell are connected at E and G, and on lemoving 
the connector between D 


£i€Ctrom€t€r 




* J 


! Earth 


and F, and connecting D 
and G and E and F, the 
terminals of the c<*ll are 
connected to the respective 
pairs of quadrants A and F, 
and thus a difference of 
potential is established 
between them. The defltr- 
tion of the }X)intcr is noted. 

The connectors are now 
made to join D and E, and 
F and G, and the deflection 
in the opposite direction is 
noted ; the mean deflection 

is taken as the deflection for the standard cell. The same 
procedure is followed in testing the c(‘ll of unknown 
and the E.M.F. of cell under test is obtainc'd by mulfiplying 
the E.M.F. of the standard cell by the deflection produced 
by the cell under test, and dividing by the deflection cau.sed 
by the standard cell. Fig. 73 shows tlie arrang<*m(‘nt of the 
apparatus that may be used to find the internal re?»istance 
of a cell. The apparatus con.sists of the cell to be testi'd, 
a tapping key A'l, a voltmeter V, an ammeter A, a plug key 
K2, a variable resistance R, and the necessary connecting 
wire. 

The E.M.F. of a cell is the potential difference (P.D.) 


' — t — T 

I*i(. 72 ()rM>K\NI 
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between its terminals on open circuit, and is indicated on the 
voltmeter when the key is used to close the circuit in which 
there is the cell, the key, and the voltmeter ; but when is 
open and the plug is inserted in there is a current passing 
through the cell and the external circuit which includes A 
and K, the external variable resistance. When a cell supplies a 
current to a circuit the total resistance to the flow of the 
current consists of two parts, the internal resistance (r) and the 

external resistance (R ) , 

j. ^ 1 - — T 


C =. 


or E = 


therefore the total re- 
sistance in the circuit 
is R + r. Ohm’s law 
for a complete circuit 
states that the current 
E 

R r 

CR + Cr, The term 
CR represents the P.I). 
across the external re- 
sistance and may })e called the external P.D. ; similarly, the 
second term Cr may be called tlie internal P.D., hence the 
E.M.F. - (‘xternal P.D. + internal P.D. In order that we may 
determine the value of r for any cell, we observe corresponding 
values of C, E, and R, so that by transposing the terms of the 

E - CR E - V 

equation E CR d C>, we may get r ~ = — . 

C C 


LjVW'^WVA 

Fig 73 ( IRC HI r FOR Binding 
Inikrnal Kksisiance 01 
('ei l 


To do this connect up the apparatus in the manner shown in the 
flgure, having the whole of the available adjustable resistance 
in the circuit. Press the key A\ and note the indication of the 
voltmeter. This is the E.M.P'. of the cell, and it should be 
observed several times during the experiment, in order that 
the average value may be ascertained. Close the external 
circuit by inserting the plug Aj, and adjust the resistance R 
so that a small current C passes, as read by the ammeter. 
Press A\ and note the reading of the voltmeter. It will be 
observed that the reading is now less than that obtained on 
open circuit. Rej>eat these observations for several values 
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of the resistance, 

and then 

tabulate 

the n*sults as follows- 

E.M.F. 1 

V 

1 

! fc i 

'1 


1 ' c 

I ‘OC) j 


012 

2 ' 7 S ohms 

I ‘oo , 


’ «»»5 

-*•74 

I ‘0(i I 

0-5-: 

0*20 

j -*’74 .. 

100 1 

o*3<) 

! 

^ 7i .. 

I ‘Oh 1 

0-24 

OJO 

2‘75 .. 

l-oO j 

O'lO 

' 0 \5 

\ 

' -*’74 .. 

Tlie average of the calculattd value 

s of tin* resist anc'c* of the 


cell is seen to be 2-74. The a ll used in this te\t w.is a Daniell 
cell. 

Secondaxy Batteries. TIiom' liave long lx*en used as a nutans 
of storing electrical energy, so that they might he UM*d to drivt* 
motors when the generatoi nonutilly applied to :l»at pur[H>se 
is temporarily out of use Sonu tiines they are ust*d to main- 
tain a constant load on a generating plant, thus enabling a 
high efficiency to be obtaineni. They are nf>t only used as th*‘ 
means of storing power by which winders may be driven, but 
they are used for the suj)ply of [xiwer to the motors of under- 
ground loconH)tives, and tiny are linding an increasing field 
of usefulness in connection with miners' portable lamps. 
The storage batteries mostly used in mining work are of the 
Faure type, consisting of }>ositive and nc'gative plates, which 
are prepared by casting grids of pun* lead to contain a large 
number of small pockets in which the active materials, in the 
form of a paste, are plac(*d. The* ix>sitive plates are made of 
grids in which the pockets have* l)een Idled with n*d oxidc^ of 
lead mixed in sulphuric acid, so that by the reaction between 
them the following change takers place - 

PbO, i- 2H2SO4 -- PbOj 4- 2PbS04 I 2 HjC) 

The negative plates are pasted with monoxide of lead (PbO), 
or litharge, and sulphuric acid, which also n*acts to form 

PbO, 4- H,S04 -- PbS04 + H,0 
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The pasted grids are placed in lead-lined boxes or celluJoid 
cases, positive plates alternating with negative plates, and the 
positive and negative plates are connected to common ter- 
minals. which are distinctively marked. The cells are then filled 
to the tops of the plates with sulphuric acid, of specific gravity 
I‘I95. The capacity of a cell is usually defined as the ampere- 
hours the cell will give before the E.M.F. falls to some 
arbitrary limit, which in practice is about i*8 volts. Although 
the initial charging of a cell must be done slowly to allow the 
active material to set," the normal rate of charging may vary 
from 0*5 to 2 amp. per sq. dm. of positive plate. The discharge 
current should not exceed 3 amp. As the voltage increases 
during charging from about i*8 to 2*2, the density of the 
electrolyte (H2SO4) increases from about 1-195 to 1*220. 
therefore the amount of charge remaining in a cell may be 
ascertained by using a hydrometer to determine the specific 
gravity of the electrolyte 

HEFKKENCE HOOKS 

Electrical Lngtnerrtnf; for Mining Student^, bv Harvey 
Direct Current Eleitncal Engineering, by Barr 
Electrical Technology, by Cotton 
Elementary Elcitruitv, by Starling 
Mine^ Department Safety Pamphlet Ao. 8, 


EXERCISE QUESTIONS 

1. Desentx' an electromagnet. Name two types of electric 
plant used about collieries in which electromagnets are used. 

(2nd Class Exam , May. 1920.) 

2. A pump direct-coupled to an electric motor takes 175 brake 

horse-power to work it. The efficiency of the motor is 80 per 
cent. Electric power costs id. per Board of Trade unit at the 
motor terminals. Wliat will it cost for power to run the pump 
for 8 hours ? (ist Class Exam . May. 1920 ) 

3. Calculate the resistance of a copper wire 800 yd. long, and 
having a sectional area of 0*23 sq. in. Specific resistance of 
copper is 0*63 x lo'* ohms per inch. 

4. The output of a direct -current dynamo is 20 kw. The volt- 
age is 440. What is the current ? 


(2nd Class Exam,, Nov., 1919.) 
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5. In connection with electricity, what is meant by ** insula- 
tion ? Name some of the materials used as insulatom in con- 
nection with cables, motors, and bare copper transmission lines. 

{2nd Class Exam.^ May, 1916.) 

6. What are the names of the units of measurement most com- 
monly employed in dealing with electncity, and their definitions ? 

(2nd Class Exam.^ Nov., 1920.) 

7. What is likely to happen if two live copper conductors of a 
continuous circuit touch each other ? What means arc taken 
(a) to prevent this from happening, and (6) to lessen the evil 
consequences if it does happen ? (2nd Class Exam., May » I9lf.) 

8. What is a relay ? Describe its construction and use, and 
state the principle of the instrument. 

9. An electric signalling device is to be installed in a main 
haulage road 1000 yd. long, two wires being used. The resist- 
ance of the bell is 15 ohms and that of the wire is 7*5 ohms per 
1000 yd. The E.M.F. of the cells to be used is 1*5 volts and the 
internal resistance is 2-2 ohms. Gilculate the number of cells 
required and the current in circuit when the bell is ringing. 

10. Describe the generation of an alternating current in a single 
loop, and draw the curves repre.senting three such cun eats having 
a phase difierence of 120° from o® to 360®. What is the sum of 
the currents at any instant ? 

11. Describe how the alternating current in a simple loop is 
converted to a direct current in the external circuit, and draw a 
sketch to show the position of a voltmeter, an ammeter, and a 
wattmeter in such a circuit. 

12. State the principles of construction of primary cells and 
secondary or storage liatteries, and enumerate their respective 
uses about coal mines. 

13. Three resistances have the values of 4, 6, and 8 ohms 
respectively. What would be the total resistance when they 
are connected (a) in series, (6) in parallel ? 

14. The current flowing in a main circuit amounts to 20 amp. 
What would be the current flowing in each of three branch 
circuits, arranged in parallel, if the resistances were 5, 10, and 
15 ohms respectively ? 

15. Describe the construction of " hot-wire " and ** moving- 
coil " voltmeters, and explain how' a voltmeter may be arranged 
to serve as an ammeter. 

16. Why should air gaps in dynamo electric machines be made 
as small as possible ? 

17. In connection with electrical power, what is meant by the 
terms : (a) ohm, (6) volt, (c) ampere, (d) ivatt ? How are these four 
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units related in d.(. work? What is the unit of quantity of 
electncity? (2«d Class Exam., Nov., 1931.) 

18. What are the units of power and of energy or work (a) in 
mechanics, (/>) in electrical work, and how are they related } A d.c. 
motor takes 50 amp. at 240 v'olts. What is the energy consumed 
m 8 hours in mechanical units (znd Class Exam., Nov. ,1934.) 

19. Descril)c an installation of electric signals for an endless 
haulage system 2 miles long with junctions. Discuss the tjiiestion 
of ele( tnc signalling, mentioning the available systems. 

(is/ Class Exam., Nov., 193S.) 



( HAPTHK VII 

DIRECT CURRENT PLANT 


Hamng already discussed llie pHuhiction of a direct, or 
( ontinuous, cm rent by the rotation t»f a loop in ;t magnetic 
field and tlie method of producing such a field, we ma\' now 
proceed to descriln' tlie salient feat ui is of tla* commercial 
continuous current gt^nerator. Any gt iu^raior consists essen 
tially of two main parts: (i) the field magnets; (2) the 
armatun‘. 

The former is usually stationary, wheiias the latter is made 
to rotate, but it is only the circumstance convenience that 
dictates that such an anangement should lx* made 

Direct current gimerators or dynamos arc similai m urn- 
struct ion to motors anti are capable <»f running as motors, 
just as motors may he made to run as g<‘neralois. 

Field Magnets. In small mathines, such as magneto- 
exploders, the field magruts may be peiinanerU m.ignets, 
that is, they may Ih' made ol steel so that once magnetiated 
they retain thtdi magnetism for a long jHTiod id lime. The 
field rnagntds of dynamos are electromagnets which are 
excited separately from an outside source, or .sell-excited 
with current supplied by the armature of the machine itsidf. 
We have .seen that the most ethcienl magnetic circuit is that 
in which the rnagntdit' lines id force ])ass through some mag- 
netic material such as iron or steel, but having regard to the 
fact that the arrnatuie of a tlynarno runs b<dw(»en the field 
magnets, it is clear that tht*ie must of necessity Ix^ air gaps, 
and it follows an argument in the pi*eet‘ding chapter that tin* 
air gaps l>t*twe(‘n the field magnets and the armature should 
be made as small as possible and that tin* inductors of tlie 
armature should be* iiKmnted on a core- of iron. Fig. 74 
represents in outline tin* 5'oke and field magnets of a six-|>ole 
machine and it is seen that tlie electromagnets are wtWJ in 
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opposite directions so that N and S poles may alternate. 
Obviously, the number of poles must be even. Many modem 
continuous current dynamos and motors are fitted with 
smaller poles placed between the main poles. These are 
called interpoles, and are designed to enable the commutation 
of the current passing from the armature to the external 



Fig. 74 Yoke and Field Magnets 


circuit to be efft‘Cted witli greater efficiency and less open 
sparking. 

Self-excitation of Field Magnets. There are three general 
methods of exciting the field-magnets of d3namos, namely, 
by scries excitation, shunt excitation, and compound ex- 
citation, and like methods ma^^ be used to excite the field 
magnets of motors. Fig. 75 show's that when the windings of 
the field magnets are in series with the external circuit, the 
whole of the armature current passes round the field windings ; 
Fig. 76 shows that the field windings are in parallel with the 
external circuit, so that only a small part of the armature 
current passes round the field windings, and Fig. 77 represents 
a combination of series and shunt methods of excitation. 
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for the series windings are superimposed on the shunt 
windings. 

When series excitation is used the flux in the armature 
varies with the current supplied by the armatuR% and if the 
machine runs at constant speed the E.M.F. generated varies 
with the current. The use of series excitation is therefoie 
limited to generators working on a practically constant load, 
as in a lighting circuit. 

A generator with shunt excitation on being started up 
produces but a small E M.F., Ijecause only a small part ot 
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the current is used to excite the field magnets, but as the 
E.M.F. increases so does the current flowing in the field 
windings, and as this increase in current produc(‘S a greater 
field flux the E^lvi.F. increast‘S until the dynamo delivers 
current at the full rated voltage. Obviously, the voltage of 
the dynamo may be controlled by the adjustment of a variable 
resistance in the field winding. 

If it is desired to maintain a constant terminal voltage 
across the brushes of a dynamo for all values of the armature 
current, the generator should have a compound winding in 
which the series and shunt effects are balanced. The need 
for this arrangement arises from the fact that the terminal 
voltage of a series-wound generator increases with increase 
of armature current, and the terminal voltage of the shunt 
generator drops as the armature current increases. 
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Armature. The construction of the armature of a dynamo, 
large or small, is based upon the necessity for providing an 
efficient magnetic path within the armature consistent with 
small air gaps and the minimum of leakage and eddy-current 
loss4»s. The requisite magnetic path in the armature is 
provided by an iron core, and as eddy currents in the core 
flow at right angles to the direction of the field (in accordance 
with l^enz's law) the core of an armature is made up of thin 
discs of iron, each of which is insulated from its neighbours 



by a thin layt*r of insulating mati*rial such as j)ai)(*r or varnish. 
'rh<*si‘ laminations are stampc'd out of sheets of annealed 
wrouglit iron or mild steel 0*5 to o*6 mm. in thickness, and 
wlu‘n varnished tlu'y are threaded directly on the shaft 
and held in jwsition by a feather mnning along the length of 
the core. Fig. 7S shows the armature mounted on the shaft. 
Inking held in ]x>sition Indween two flanges and secured in 
|H)sition by screwed collar and lock-nut. 

It is always desirable that the laminations should be 
pierceil to form ventilating tunnels so that the temperature of 
the armature may not rise unduly. 

The a I matures of large machines are built up in much 
the same manner, except that the laminations are stamped 
in segments, and th^* latter are provided with wedge-shaped 
lugs so that they can be dovetailed to the arms of the spider 
by which the armatures are attached to their shafts. 

When the armature core has hovn built up, the inductors 
may be platvd around the surface of the smooth core, but 
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the more usual anangement is to place the inductors in slots 
that have been cut out lengthwise on the core 
The inductors are placed m the slots m group*, being 
insulated from the core by presspalm i mm thick, and held 
firmly in position by a ke\ of uood The majority of high- 
specHl d\Tiamos h*ive semi-c'iiclosed slots, as shown in Fig 79, 
the inductors being held in position b\ ke\s of Ixx'ch wood 
Tlie aimatuies of iiiodcin machines aie of the dium tyjx». 


Wooden Wed^ 


Pnesspahn 


Wooden Wedge 


X Cotton '/ 9s "/ Stots ■ % 

^'^Braided 

Inductors// /PresspahnA 




bl(» 7<J IM>1 1 lOKS IN MOIh 


and tli< in(liut<us .im (oniudtd togcthn to form two 
cii cults, as in un\e- 7 £ inding * oi in imillipU (luint as in 
lap u^indtng 

E.M.F. of a Dynamo. Ilu absolute unit of picssure is that 
g( mratid in an inductoi cutting on<‘ hm of foice ]ht second 
I his d< finition (*nabl( s us to t \pitss the K M F of a dynamo 
in terms of tlu aimatun winding aiinatuie sjxvd, numlH‘r 
of poles and the fhi\ jx 1 fxde cut by the armature inductors 

The F M F mduc<d in a singk* inductoi of length / moving 
with a \clocitv V across a fa Id in winch th(* flux density i** 
H IS Blv X 10 ^ volts I et / Ik the minilxT of inductors 
btdwcm the brushes of a 2 pc>le dvnamo, tlun the E M F 
geneiated if the armatuie maki s w u volutions jhu second is 
expressed as 


E M F 


Blv 

10^ 


Z pole arc 
2 i>ole pitch 


* See Direct Current I Itdrual f ngtnentng In Darr (Pitman) 
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B X I X 2 nrn Z pole arc 

r X - X 

10* 2 TTf 


Bl X pole arc nZ 

X ' 


10 ® 


^Zn 

10* 


volts, 


where <f> is the flux per pole, having regard to the convenience 
of referring to the speed of rotation in revolutions per minute, 
we may give the expression the form — 


E.M.F. 


fl>ZN 
60 X 10® 


volts. 


This expression applies to a lap-wound having any number of 
pol(*s, but if a problem relates to a wave-wound machine in 
which there are two circuits, we must multiply the expression 

P 

b^ - , the number of pairs of poles. 


Example 36, A six-pole dynamo running at 250 r.p.m. has a 
lap- wound armature having 160 slots and six inductors in each 
slot. If the flux per pole is 5,000,000 lines, find the voltage 
generated by the dynamo 


Solution. 


E.M.F. 


<f)ZN __ 5 X lo® X 160 X 6 X 250 
Oo X 10® Oo X 10® 


200 volts. 


Wave winding is crnl)odied in machines of low output and high 
speeil, and lap winding is used in machines designed to give a 
large output at low speed 


Commutator. The commutator is the means provided 
for the jiassage and rectification of the currents from the 
armature to the external circuit. It is built up of the requisite 
number of sections consisting of bars of hard-drawn copper, 
each section being insulated from the other by thin sheets of 
mica, the wdiolc being held in position on a gun-metal sleeve 
by means of wedge-shaped circular rings at each end. Fig. 80 
shows the construction of a commutator such as might be 
used for a dynamo of 500-1400 kw. In commutators of this 
size the clamping rings, sometimes built in sections, are 
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bolted to the spider. This construction enables a faulty 
segment to be removed without disturbing the rest of the 
commutator. The figure also shows the lug L by which the 
inductors are connected to commutator segments by braaing 
or soldering. 

Brush Gear. The brushes used for collecting the current 
from the commutator w’ere fonnerly made of metal gauze 



but now they are made of hard blocks of giai)hitic carbon. 
Carbon wears well mechanically and carbon brushes impart 
to the commutator 'a tough, glossy surface, offering but little 
resistance to the passage of the surfaces in contact. Metal 
brushes are sometimes used for turbo-generators in which 
the speed of rotation is very high. A double set of brushes 
is required for each pair of poles. 

The brushes are held in holders of the hammer or box types, 
and the holders are attached to brush rockers which are 
fitted to a cast-iron ring mounted concentrically with the 
commutator. Besides supporting the brush, the brush-holder 
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has also to prt^ss firmly on the commutator, and at the same 
time give sufficient flexibility to enable it to ride over any 
slight ocamtricity of the commutator without reducing the 
efficiency of commutation. 

Commutation. The correct position for the brushes when 
the armature is carrying only very small currents is such that 
they are always connected to conductors lying in the neutral 



/one l>elvv(‘« n th<‘ i)oles, where they ha\<‘ no H.M.F. induced 
in them, but shouUl tlie armature be carrying large; currents 
tlieu’ is another field pioduced having its lines at right angles 
to the direction of the main field, and conseqiu^ntly the 
lesultant field makes a varying angle with the direction of 
the main field. Tlie resultant effect is that the brushes placed 
m the normal jxisition will la* carrying current, and if left in 
that j>osition coinimitation would Ik* accompanied by sparking. 
To avoid this t‘ff<‘ct of armature reaction the brushes must be 
moved forward to the* position shown by the dotted line in 
hig. 81. Sparking may still continue to take place with the 
brushes in this |K>sition, but interpoles^ may Ih' used to counter- 
act armature reaction and thus enable commutation to take 
place without sparking. 

Methods of Driving a Dynamo. Direct-current generators 

* Electuc^nl EngiHentng, for Stuttents, by G, M. Harvey 

( Pitman) 
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aie almost invariably driven through spcMjd ivdtuii^ticin gear* 
When a reciprocating engine is tisi^d to driv^e a dynatno it will 
usually be necessary’ to provide a rope oi belt drive for the 
purpose of causing the armature to rotate at a greater speed 
than the crankshaft of the engine* but should a turbine be 
Vised to drive tin* generator it might 1 k‘ necessiiry to n^iuce 
the speed of rotation from 5 to 1 or 7 to i by the intrcHluction 
of toothed gear of the double helical t>’jH* running in oil. 
High-spt»ed engines of the i^dliss and Morcoin vertical type 
may also be listed when it is desirable that high-pressure steam 
should Ix' utiliz<‘d foi that purpos(\ 

Parallelixig of D3mainos. Series wound machines are 
unsuitable for running in parallel* but shunt and compound- 
wound machines may he iiin in parallel when it is desired to 
supply power to a constant jx)tential circuit from more than 
one dynamo. When it is desired to run one shunt -wound 
dj’namo in paralU'l witli another alread\' supplying jK>wer 
to a circuit the incoming machiru* is run up to its s|x*ed with 
the main switch opcm, and when the voltage has been adjusteil 
by a regulator in the shunt windings the main switch is 
closed and the sluint n‘sistance removed. A reverse* cut-out 
switch is placed In^tween the positive bus-bar and f‘ach of the 
machines to pre\'(nt either running as a motor. When coin- 
pound-wound machines are run in paralKi tlie risk of one 
running as a motor is prev^mted by arranging the stories coils 
in parallel by means of an equalizing bar and switches, and the 
equalizing switch must be close<l before the incoming machine 
is started up* just as it must remain closed until the machine 
has been taken out again. 

Switchboard. A switrhlK>ard suitable foi a colliery in- 
stallation geneiating direct current is u.sually divided into 
three main sections : (i) the generator panel ; (2) the 

lighting panel ; (3) the power panel. Should there be two 
generators installed* there must also be two corresponding 
panels, there must be one lighting panel* and as many feeder 
panels as there are power circuits. A total output meter 
may be placed on the lighting panel. Fig. 82 shows the wiring 

II -(T.5^6tt) 
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of a power and lighting switchboard suitable for a colliery 
installation having a capacity of 500 kw. 

Transmission of Direct Current. It is necessary to provide 
two paths for the transmission of power by direct current, and 
for that reason the gables used have two conductors embodied 
in them, and they may also have a third wire to form the 
connection between the various machines and ap[)liances that 
must be earthed (see Mines and Quarries, Form No, ii) and 
the main earthing system on the surface of the mine. Cables 


(W I ifUmf ir c 0 , /jrf.) 
l lG 83 '* Soi BIT *' CrACORK CaHLE 

may be divided into three classi's, viz., shaft cables, road cables, 
and trailing cabli s. All cables must be efiicicntly protected 
from mechanical damage, and shall be supported at sufticiently 
frequent intervals and in such a manner as adequately to 
prevent danger and damage to the cables. 

Shaft Cables. The shaft cables have to carry all the runent 
passing into the mine and consequently they are of large 
copptT section, and since they aie heavy they must Ix^ sub- 
stantially made. The separate strands of the cablt* arc usually 
tinned and covered with high-grade rublxT insulation, and 
these are laid in a specially shaped cradle-coie and surroundt ii 
by bitumen. To further strengthen the cable it is given two 
servings of braid and double-wire armoured, tlie wires being 
wound in opposite directions. Tliis construction gives the 
strength necessary to carry the weight of the cable suspended 
in the shaft, and an outer covering of fibre is provided so that 
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the cable may he given a coating of pitch or Stockholm tar to 
exclude moisture from the insulating material. Fig. 83 shows 
a Glover Cracore cable. 

A convenient method of lowering a cable into the shaft 
is to place it on a reel adjacent to the jnouth of the shaft 


{W. T Ghvew & Co ] Lid.) 
l'l<. S4 SniINHi ( I EAT FOR SrPPORlIN(, 

C'ablk in Shaft 

and pay tlu* cable into the shaft, lashing the cable at 
intervals to a crane ropt' with pieces of white rope, each 
lushing being arran^tni to carry about i cwt. of cable. 
Obviously, the reel and crane would have to be provided 
with etficient brakes to control the descent of the cable. When 
tl)e shaft is deej> it may Ih‘ necessary to install the cable in 
sections which are joined together by junction-boxes designed 



DIRECT CURRENT PLANT 


153 


for that pui|x>se. Tho cable is supported in the shaft 
by means of cleats made of rtAl pine 9 in. wide and 3 in. 
thick. A cleat of the sitting type is shown in Fig, 84, the 
height being 3 ft. In fixing the cable in the ch\Tt it should 
l>e wrapped in brattke cloth, or old rubber hosi\ to give a 
good grip and to protect the insulation witliin the cleat. 

Road Cables. Since these art* iLSually brandies from the 
main cable, they are of lighter construction and may be 
protected by a metallic covering in accordance with (.reneral 
Regulation 129. Obviously, the nature of the protection of a 
cable and tlu*‘ method of supporting it must de|H*nd on the 
construction of the cable and the condition of the vooi iuhI 
Sides in the road in which the cable is placed In roadways of 
sufficient width armoured cables an* sometimes laid on the 
floor at the side of the road and covered with tioughing, but 
they may be siisptmded by slings of braid or leather attached 
to props, or other roof supports. Cables unprotect id by a 
metallic coveting shall lx* proiK*rly secured by some non* 
conducting and readil}' breakable inateiial to effirii'ut in- 
sulatoi [('f.K. 129 (if)]. 

Trailing Cables. These* cables must of necessity Iv veiy 
tlexible and poss(*ss<*d of considerable mechanical strength 
to resist abra.sion (»f the insulating material, and the insulating 
material ust*d should lx* such as to prevent tlu' aecess of 
moisture to the eoies i»f the cable. Si*veral classi*s of cable aic 
used for tliis purpose, the various constructions Ixring : 
(i) viilcaniz<*d rublK*i insulation, with armouring of galvani/anl 
iron wire ; (2) vulcanized lubber insulation, coveit*<l with 

braiding of h atlur ; (3) vulcanizi*d nd>bcr insulation, with 
covering of cord braiding ; {4) vuicaniz<*d riiblH‘r insulation, 
with cab-tyre sheathing. Our expt‘rience with diffeient kinds 
of trailing cablt*s leads to the conclusion that the last men- 
tioned cable, the construction of which is shown in Fig. 85, 
is by far the most satisfactory. The trailing cable embodies an 
earth wire which is connected to the main earthing system at 
the gate-end box, so that the danger of .slux:k to persons handling 
the portable maehint* fed by the cable may be ininimizeih 
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Size of Cable. The size of a cable, or area of copper section, 
is determined by the power to be transmitted and the allow- 
able loss in transmission, and the number of wires constituting 
the cores is dependent on the degree of flexibility that must be 
possessed by the cable. Shaft and road cables need not be 


o 

oo 


(»' T (.lover & Co, Ltd) 

hit, 85 Cab-tyrk Traii ING Cabi E 

so flexible as trailing cables and, tluTeforc, the number of 
wires for a given copptr section is usually less in the former 
than in the latter. The usual method of ascertaining the 
construction of a suitable cable is to calculate the coppier 
section and refei to cable tables for choice of cable. At least 
two of different flexi^?ility will be available. 

Eiuunple 37. The input horse-power to a cable 1000 yd long 
IS 120 h.p , the voltage being 450 Given that the specific resist 
ance of copper is 0‘66 microhm per inch cube, and that the 
permissible drop in power in the line must not exceed 7 per cent, 
find tbs area of cross-section of the leads. 
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Sahitk»L 


Input 

Output watts 
Watts lost 

Total current 
Voltage drop 
Resistance of cable 
Area of cable 


« 120 X 746 89,520 

« 0-9 X 89,520 « 80,568 
=» 89,520 - 80,568 « 8952 
watts 89,520 

^ v-Sts^lso “‘99-* amp. 
watts lost 8952 

^45 

current 199*2 



« 0*226 ohm. 

199*2 

0*66 X io“* X 1000 X 3 X 12 
0*226 


= 0*105 


On referring to standaid cable tables it is found that either a 
19/11 or a 61/16 cable might be used for tliis case, the latter being 
the more flexible since it has almost the same section of copper 
and has 61 wires instead of 19 of greater gauge. 


Direct Current Motor. We have followed the convt»rsion of 
mechanical energy to electrical energy and the tran.srnission 
of the latter to the remote ends of cables supplying electric 
motors by which it is converted from electrical en«*rgy to 
mechanical energy. The construction of tlie electric motor is 
essentially the same as that of a dynamo, and therefore any 
reliable dynamo will also function as a motor, when it is 
supplied with power from a dynamo. Wlien a motor is 
supplied with power from an external source (a dynamo or a 
storage battery), the armature rotates in the magmatic field 
between opposite poles of the electromagnets. This rotation 
of the conductors of the armature within the magnetic field 
causes the induction of an E.M.F., which tends to oppose the 
influence of the applied E.M.F., and thus the current in the 
armature is proportionately reduced. The back E.M.F. of 
the motor at the instant of starting is zero, and consequently 
the current passing through the armature conductors is a 
maximum, but as the speed of the armature increases so does 
the back E.M.F. increase until the current in the armature 
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conductors is a minimum. This explains why a motor takes 
current in proportion to the work to be done, and, incidentally, 
it shows the need for some protective device which would 
come into operation automatically should the load be imduly 
great. One method of limiting the current is by the insertion 
of fuses in the mains leading to the motor and another consists 
of an "overload release," or circuit-breaker, attached to the 
controller, the latter being an essential part of the equipment 
by which the initial flow of current is limited. 

The back E.M.F. may be calculated by the formula given 
earliei in this chapter, thus 


Hack I£ M.F. 


60 X 10 * 


(multiplied by - for wave winding), 


and the cunent in the conductors is proportional to the 
difference iK-dwc^tm the applied K.M.F. and the back E.M.F., 
tluLs r - (/i - e}/K. 


Example 38 A 30 h.p. motor has a wave-wound armature 
(u winch there are 420 conductors, the resistance of the armature 
lHnn)4 o’^Qohm Calculate the speed at which the motor will 
tun when conn<‘cted to a 4(K>-vo!t supply, if the ftux per pole is 
<) 5< 10® lines, iiiul the machine has six poles. 

Solution. 


Input watts 
('urn*nt 
Hark 1C M h 
.V 


jo X 746 « 22,380 

watts 22,380 

TT ~ « 5^> ‘imp 

volts 400 

f: - C/i 400- 56 \ 0*39 - 378 volts 
60 X 10* X 2 back E.M F. 


60 X 10^ X 2 X 378 
6 X lo* X 420 X 6 


~ 300 r.p.m 


Deductions of Practical Importance. Examining the fore- 
going formula for motor speed, it is observed^that Z and /> 
are constants, and consequently the formula may be given 
the form 


X - 


K(E-CR) 
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Since iV is inversely proportional to it follows that if ^ the 
field flux be suddenly interrupted the speed ot roiatioit N 
would immediately increase, and the spe^ might become so 
great as to wTeck the motor by the bursting of the armature. 
Such an occurrence may be prevented by “ making the field 
circuit first and breaking it last/' 

The field flux dojKiids on the armature current, hence in 
the case of a sc'ries wound motor an}’ increast* in the value of 
C results in the decrease of H - CR and an increase* in the 
value of and consequently the vahu* of .V decrease's. Hut 
the converse is equally true and of much grt*ater im])ortanoe 
for should the inotoi lose its load suddenly, as it might if 
the rop.* of a direct liaulage broke with a gang of tubs on a 
stee]) grade, the niotoi would race and pruhably suiter damage. 
Here we have an explanation of the advantage ol a series 
motor for such work as main*ro]x* haulage or coil-euttmg. 
for the greater the load tlie less the sjH*ed and the go atei the 
jx>wer of the motor, as represt'iited by the increasing vahu* of 
C. To prevent this it is usual to steady the action of Hie 
Nciies motor by the winding ot a few turns of sluint wire on 
the field magnets, Hy adjusting the series and shunt windings 
ol a conipuund-w'ound inotoi, the value of E-CR may be 
adjusted with respect to that of <f>, so that th<* value of N may 
1 h' made jiractically constant at all loads. Tliis typ* of motor 
is more W’ldely used for mining woik than either of the other 
two typ‘s, because it embodies the salient features of both 
without having their disadvantages. 

Rating of Motors. Motors are rated for continuous w'orking 
and for intermittent woiking, that is. they should be capable 
of developing the power for which they were designed for a 
certain period of time w’ilhoiit the temjH'ialure rising by more 
than 40® C. For continuous rating the running priod is 
usually six hours, but for intermittent rating the p*riod may 
be one hour or two houis, during which the motor is run on 
full load. Since, in the latter cas^*, the motor will have time to 
cool during intervals of rest, a smaller motor may be used 
for a given duty than would be necessary for continuous rating. 
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Motors used to drive pumps, fans, endless rope haulages, 
and other continuous running plant should be continuously 
rated, but motors taking intermittent loads as in winding and 
haulage by main or main and tail rope should be rated on the 
short period. Starting resistances are similarly rated. Since 
the rating affects the size of a motor to which may be assigned 
a given duty, it is obvious that the type of enclosure of the 
motor must also affect the size. Enclosed motors are always 
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larger than motors of the open type in which there may be 
rapid transference of heat to the surrounding air. 

Losses in Motors. These may be summarized as follows — 

1. Frictional resistance of bearings and brushes. 

2. Windage, due to fanning action of rotating parts. 

3. Excitation loss, due to power required to produce mag- 
netic field. 

4. CopjxT loss, due to resistance of armature and field 
coils. 

5. Iron loss, due to eddy currents and hysteresis. 

Motor Controllers. The controller used for starting a series 
motor consists of a number of resistances in series, each 
resistance being connected to a stud on the resistance panel. 
These studs are arranged on the arc of circle, so that the 
controlling switch miay be turned from the off px>sition 
across the studs to the “ on '' position, as shown in Fig. 86. 
No provision is made lor automatically returning the switch 
handle to the ** off ** position on cessation of the current. 
The connections for a shujit motor controller are shown in 
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Fig. 87, and it is seen that there is an ** overload '* release in 
the armature circuit and a no-voltage release in the field 
circuit. In starting the motor the switch is turned from oft ** 
across the studs to on/* in which position the handle Is held 
by the electromagnet NVR. Should the field be (interrupted 
the handle would be released by the “ no-voltage ** release, 
and the handle woiild be returned to the oft position by the 
spring pivoted at the spindle upon which thc^ handle is 
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mounted. On the other hiind, should the load become ex- 
cessive and the armature current rise too higli the o^'erload " 
release {OLR) would operate to short-circuit th<‘ " no- 
voltage release, and thus allow the handl<‘ to return to oft.’' 
The same tyjx* of controller may In.* used for com)H>uiul 
wound motors, but speed variation may be obtained by the 
use of shunt rheostat. Tlie resistance elements of a controller 
are usually made of an alloy such as manganin, which has a 
specific resistance of 42*92 x lo'* ohms per centimetre cube 
at o® C., and the whole is assembled in the form which is most 
suitable to the circumstances in which motors are used. 
Obviously, the controller of a coal-cutter might have to be 
made so that the motor would be reversible, and it would 
have to be designed to occupy a comparatively .small space 
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possibly of peculiar shape. Fig. 88 shows the construction 
of a liquid starting resistance such as is used in colliery work. 
The body consists of a cast-iron trough A which contains a 
solution of caustic soda or sal-ammoniac (NH^Cl). Pivoted 
at the pq/nt B there is an iron plate C which dips into the 
liquid. The pivot is instilated from the trough, and the 
lead to which it is connected is insulated by a porcelain 
insulator. The other lead is electrically, and therefore 
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muchanically, connected to thu body, so that when the plate 
r is <lipfH‘d into the liquid the n‘sistance opposed to the 
How of current is inversely proportional to the wetted area 
of the plate. As the plate is lowered the resistance offered 
l)V the liquid is gradually decreased until» finally, the current 
is short circuited by the arm D of the blade engaging with th<* 
contact /i on the bod}* of the trough. 

Efficiency of Motors. The mechanical efhcienc^^ of an 
electric motor may be expressed as the ratio of the output 
horse-power to the input horse-power. The output horse- 
power can be calculated from the results of dynamometer 
tests and the input horse-power from readings of a voltmeter 
and an ammeter, or a watt-meter. In the course of the 
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experimf^ntai work carried out by mining students the oppor- 
tunity is usually taken to study the characteristics of motors 
while investigating the efficiency of such machines on different 
loads, and no other method of studying the pt^uliarities of 
motors is so impressive as the practical one 
The ex|Xiriments aie di signed to enable the s{)eed (N) m 
r.p.m., the current ((') in amperes, the dynamometer weights 
H'l and corresjxmding to diffenmt loads with a constant 
applied voltage (£) to be observed, so that the mechanical 
efficieiu'ies at different loads may lx‘ computed, thus — 


I Input watts ( 1C, and input horse“jK>wei - ^ 

i t\ 

2. Torque ~ 7 - (ITj H I ^ 1, uheie d diaruetei 

of biak(‘ pulley, and / is the thickness of io[)e in teet 

ZnNT 

\ Output liors( powei — 


4 l£thcieiir\ ol motoi 


output hp 2 nN I 74 () 
input h p .U3>oo ( h 


rile small inotois used ui uuniiig l.thoi atoi les can Ik* mounted 
on ball healings so that the vok<* and field magiK'ts aie pivoted 
on the amiatuie shaft, thus (nabhiig the toique to lie detei- 
miin d b> taking the pioduct of a weight (If') and its distance 
(d) from the centre of th<* bearing on a balanced arm attached 
to the yoke 

!<1 tKKKNCK HOOKS 

Colltety Electneal Enqtneerttifi, b\ Ilar\c\ (Httinan) 
hlectrical Prattue in ( olliene\, b> Prof Hums 
XfiHinfi I lectruian'<i Handbook, by I okes 
Direct Cm rent Electrical Engineefing, by Harr (Pitman) 
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EXERCISE QUESTIONS 

I. In electrical plant what are the differences between a 
dynamo and a motor ^ How are motors started 

(2nd Clas$ Exam , Nov,, 1917 ) 



I62 


MINING MACHINERY 


2. The output of a direct current <i5niamo is 20 kW. The 
voltage is 440. What is the current ? 

(2nd Class Exam,, Nov,,igig.) 

3. Electricity : Units of Measurement. What are the units 

most commonly employed in dealing with electricity, and their 
definitions ? (2nd Class Exam., Nov., 1920.) 

4. Describe the most suitable apparatus for controlling, safe- 
guarding and starting up a continuous current motor of 250 h.p., 
using high-tension current, to comply with the electrical rules 

(2nd Class Exam., Oct., 1921.) 

5. Electric motors may be series wound,'* shunt wound," or 
" compound wound." Explain these terms and state why the 
various types of winding are adopted 

(2nd Class Exam, May, 1922.) 

6. Give a description of a direct-current generator (or dynamo) 
arranged to be driven by a belt, and explain hew the generator 
works and supplies current to the mains. 

(2nd Class Exam., Nov., 1922.) 

7. Describe the electric plant usually to be found in a house 
underground of a main- and tail-haulage gear worked electrically. 
You may assume the current to be direct or alternating. 

(2nd Class Exam., May, 1923.) 

8. Describe an electric cable for carrying continuous current 
at 440 volts down a wet shaft. (2nd Class Exam., Nov., 1918 ) 

9. In connection with electrical plant, what is meant by earth- 
ing ? An electric coal-cutting machine has a frame with gear 
l>ox and chain, and a motor with frame, field cores, armature 
windings, commutator, field windings, and shaft. Which of these 
parts should be earthed, and for what reason ? 

(2nd Class Exam., May, 1925.) 

10. Describe shortly two devices adopted for preventing the 
paH,sage of too high currents through electrical circuits. 

( 2 nd Class Exam., Nov., 1913.) 

11. Describe the construction of the armature of a D.C. 
generator, state the effect of armature reaction on the position 
of the brushes. 

12. What do you understand by the back E.M-F- of a motor ? 

13. Why does an electric motor require a starting resistance in 
the circuit ? Explain tlie action of a shunt rheostat, and state 
the functions of tlie overload and no-volt releases. 

14. Why is it advisable that two generators should be provided 
to supply current for power and lighting at a colliery ? Describe 
how dynamos are mu in parallel. 

15. Draw a sketch to show the form of a junction box suitable 
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for joiiung an armoured twin cable, and explain how the armour* 
ing is connected to the box to ensure continuity of the earthing 
conductor. 

16. What modifications must be made in the connections of 
series^ shunt, and compound-wound dynamos to enable them 
to run as motors ? 

17. Draw a circuit diagram to show how you would connect 
op a shunt motor for the purpose of testing it with a balanced* 
torque d3mamometer, and state the relation between b.h.p. and 
c,h.p. in terms of observed quantities. 

18. Describe an efficient earthing system such as would comply 
with the special electricity rules relating to coal mines, 

19. Describe a switchgear suitable for controlling a coal- 

cutting machine circuit and for placing in a road near the coal 
face. Choose either a d c. or a three-phase syst^kn, stating which 
you adopt. * (ind Class Exam., May, 1031.) 

20. Describe switchgear lor controlling and protecting an elec- 
tric motor that drives a treble-ram pump. In what ways may such 
a motor be damaged electrically? (znd Class hxam., Nov., 1937.) 

21. In connection with electricity, what i.s meant by insulation ? 

What matenals may be used for insulating in a large Uii.tor taking 
high-pressure current ? How is the ijuality or state of the insula- 
tion tested? (2fid Class Exam,, May, 1939 ) 

22. Among the metals used in an electric motor are the follow- 
ing : copper, alunnniuni, cast-iron, mild .steel, nickel .steel, brass. 
Name parts that are made of one of these metals or that may 
contain one or more of them, {2nd Class Exam., May, 1934.) 

23. Describe briefly, using simple diagrams, the three chief 

types of d.c. motor, and state a purpose for which each type is 
peculiarly suitable. How is the direction of turning of each ty|>e 
reversed? {15/ Class Exam., Nov., 1931) 

24. Jn connection with electrical plant, descrilie an exciter and 
state for w'hat purpose an exciter is u.sed. 

{2nd Cl^ss Exam , May, 1937.) 
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Oscillograph n'cords of the variation of the E.M.F. induced 
in a loop which is attached to an external circuit, as in Fig. 6o, 
by means of slip rings, show that the variation is periodic, 
Ixnng zero when the conductors are passing through the 
neutral zone and having jwsitive and negative maxima when 
tlie lines of for<# are cut with maximum velocity. 

Root-mean-square (R.M.S.) Value of Altem^tting Current. 
I.(‘t OP in Fig 8<i be a radius rotating in anti-clockwise direc- 
tion with unitorm angular speed a and let the time t be reckoned 
trom the instant at which the point P occupies the position A. 
For any posit ion of the point P the angle POA = at. Now 
l(‘t MP and NI* be perpendiculars from P to the lines BB' and 
.1.-1' n sjHCtively. then at any instant - 

OM - NP — OP sin a/, and ON - OP cos at. 

If we consider the movement of P from A to B, it is easy to 
set; that the average of the squared values of OM and ON 
must be the same, hence - 

Mean value of OP^ sin - at — mean value of OP* ^ 


A mean value of {OP^ sin* at + 
0/^*cos*<i^) 

OP- 

(sin* a/ -f- cos* a/) 

2 


/. R M S. value of OP sin aU 


Vi 

« 


maximum value 
Vi 


=- 07071 E , 

164 



ALTERNATING CrRRKNT PLANT 


1^5 

Thm-i^iase Currents. If, instead of having a single loop 
placed on the periphery of an annature, three conductors are 
placed in positions 120® apart and an^ connected to three slip 
rings, the sinusoidal curves of E.M F. ana induced currents will 
be displaced, as sliowp in Fig. ()o. by an angle of 120® from 
each other. It is important to noti' the instantaneous valuo^ 
of either the E.M.F.’s or currents in a thn^‘-phase system, fur 
that is the system of Iransmissum gt'iKTally used in mining 



Ik; St) KMS Vam'Fso> Ik. o‘» THRKh-PiMSK 

J: M 1* AND e (‘I KRKNIS 


work. The last tigure repn‘sents three eontluctor.> 120* 
apart and connected at the |K)int (>, the tnds C,, and ('3 
being connected to the slip-rings on the armature shaft. It 
i.s to be proved that the instantaneous value ol the E.M.F. 
or current in the phas(‘ ()( \ is equal to the sum of the E.M F.'s 
or currents in the other two jdiases ()(\ and ()(\, thus* 

0 M^ “ r cos ^ -■= r sin 0 (cornpleinentarv angle) 

OM^ - r cos (120*^ - 

= C (cos 120 cos^ -} sin 12()^ sin <f>) 

“ C cos 120^' sin -f- C sin 120** cos 0 
OM^ =r C cos (120° + 

— - C (cos 120° cos <f» ~ sin 120° sin <f>) 

= C cos 120° sin fi - r sin 1 20*" cos 


li-f l mM) 
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Adding OM^ to OM^ we get 2 C cos 120® sin 6 = - 2 C 

C sin 0 -- - OMy This result may be interpreted as meaning 
that the sum of the instantaneous values of the E.M.F. or 
current in a three-phase system is zero, and that one of the 
tables acts as the return for the other two. Another important 
[K)int ndating to Gen. Keg. 124 (c) is that the point at which 
the cables or conductors are joined is at zero potential and 
consecpiently the system may be earthed at that point — the 
" n<‘utral point or '' star point.*' 

Star and Delta Connections. Fig. 91 shows alternative 
methods of connecting the windings of an alternator. That 




I'K. if I C'ONNKCTIONS 

on tlie li'lt is the " star " connection and that on the right the 
“ delta ” connection, or “ me.sh,” as it is sometimes called. 
In considering the relations between /tfie and phase voltages 
It is necessary to draw the vi ctor diagram in Fig. oz. Taking 
tht' star connection first, we may hnd the line voltage Ei 
betwei'ii tin* ])hases />* and (', by subtracting the phase voltage 
of ( trom that of E. This is done by reversing the direction of 
()E «ind making OH - OC, and afterwards drawing the 
resultant OR of the parallelogram OCRB\ Obviously, OR ~ 

( 7>* cos 30" 4- OC cos 30° — 20 C == therefore 

2 

El \ 3 The line and phase currents are equal. When 
the phases are mesh-conncctcd, the lines are connected across 
the phases, and consequent!}' the line voltage Ei equals the 
phase voltage but the currents are related in the same 
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way as the voltages in the star-connected system, that is 

C, - V3 

Inductive Circuits. If the currt^nt in a conductor is alter- 
nating the field surrounding it will also alternate, and con- 
sequently an E.M.F. will he induced in the conductor by the 
variations of the magnetic field due to tht‘ current itself. It 
is called the E.M.F. of sc*lf-induction. The unit of selt-induc- 
tion called the henry is defined as the induction of back-E.M.F. 
of I volt whe n the current is changing at the nite of i anqHTe 



per second. The efh’ct of s< If-induetion is to retard the flow 
of current tlirougli a conductor in which the it* is an alter- 
nating current, and consequently the ajiplud E.M.F. has to 
overcome the ohmic n'sistance of the (ondiutor and the 
reactance produced by self-induction L. The nsistaiue H 
is in quadrature with the n*actance aL, and as a zvf, 
where/ is the frequency of the alternations, we have tlu‘ < fh c- 
tive resistance, called the* impedance, give n by R'^ t (zrfL)^, 
The cutT(‘nt in an inductive circuit takes some time* to rise 
to its maximum value after the application of E.M.F. to the 
circuit, and therefore the current lags behind the E.M F. by 

27TfL 

an angle whose tangent is given by . rig. (13 .shows 


relations of R, aL, and VR^ a* /-*. 


Example 39. An alteniating 1 * 1 ) haMiig a inaxmiuin value 
of 100 volts and a frequency of 30 alt <*niat 10ns p<‘i second i.** 
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applirtl to a circuit having a resistance of lo ohms and a self- 
inciuction of o*oi luMiry. Find the maximum current, the 
impedance, and the phase difference Indween the current and 
the applied P.l>. 

Solution. 

K loo 

V i (2:://.)* \'io® 'r (i 3-14 . 50 x O’Oi)* 

100 100 

- - ()*52 amperes 

v'loo { 3 M* *^’5 

ImfMjdanct*, / - v/ 10* f 3*1 4* = 10-5 ohms 

3 * ^ 4 

Auj^le of <f> tan*^ — tan'* 0*314 - 17"* z(/ 



Power in Inductive Circuits. Th<* jxiwer in a singh^-phase 
cin uit is given by H' /tY' cos <^, where K and C an* K.M.S. 
valiu's of voltage and eiirnmt and (f> is the angle ot lag. Jn 
a three-phase system tht‘ total |>owt‘r may be measund bv 
putting a wattmeter in each phase and adding together the 
readings, or two wattim ters in phases h and (', with their 
potential coils ( onnccted to pha^* .1, may b(‘ uw‘d to measure 
the power, the total power being the sum ot the reailings, 
but the suue result ma\' be obtained by connt'cting one 
wattmeter as m |Mg. 94. so (liat its potential coil may be 
eonnected at will to jihase A or phase (\ In this w'ay two 
illstinct readings of power are obtained, and it is to be shown 
that the sum of such readings gives the total power in the 
circuit, but it is necessary to remember that we have already 
I'stablished the fact that the line voltage is 30"* (Uit of phase 
with the phase voltag**. In addition to this, it must be noted 
that the current in the phase li lags behind the voltage in the 
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phase by an angle The sum of the readings CB cos 
(30® 4 * + ('E cos {30®- -- CE [cos (30*^ "f 4* cos 
(30° - ^)j CE [cos jo"’ cos sin 30" sin ^ feus 30*^ cos ^ 

silt 30 sin 2 i'K cos 30 cos 2 i 'E- cos ^ - 


V 3 CE cos ^ watts. 

The |X)wer in the circuit 


\ 3 CE cos 4 > 


Detennination of Power Factor. In the preceding jnuagraph 
it w'as shown that the sum of the wattmeter readings U\ j H’,. 
— 2 CE cos 30 ’ c<»s 0, anti in a similar nianntT it may he shown 
that ll'i >- H'g - 2 CE sin 30 sin hence the power factor 
may be found irom two watt met tT re.idings by combining 
these expressions, thus - 

1 V| - \\\ - 1 CE sin 30 sin ff> 2 CE, A sin </> i'E sin 

ir, 114 ( 7 :sin<^ i 

iind ^ tan 0, 

II I { If 2 \ \( h cos (f) ^ , 


1 , , \/Un\ ir. 2 ) 

and tan</> _ 

o 1 I It 2 

It is important to note that the griMtin' the value <4 tf) the 
smaller is tin* value of the power factor, aiul that when cos if} 
is I the current and voltage are in ph«ise, in which case the 
product of volts and amperes gives true watts. When cos if} 
has any other vahu* than i, the voltage and curn nt are out 
ot ])hase, and conse<]u<*ntlv true watts <‘an only ht* olitained 
by multij^lving appannit watts h\ cos <^, hence the power 
tru<* watts watts 

factor, cos 6 — - - - . In practice 

appan nt w’atts volt-amixTes 

a meter may he attached to the switchboard t<» enahle the 

power factor to be detiTmined. or it may he determined from 

readings of a wattmeter, a voltmeter and an ammeter. 


Example 40. Calculate the power in a single-phase system if 
the K.M.S. voltage and current are 420 anrl 75 re.spectively, the 
power factor being o*8. 
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Solution. 

Watts - CE cos <f> = 42c X 75 x o*8 = 25.200 

H.P. = 33.8 

746 746 


Example 41. The voltmeter and ammeter attached to a 
3-phase circuit read 500 and no respectively, the power factor 
being 0*85. Calculate the input horse-power to the circuit. 


*‘73 X 500 X no X 0-85 
746 

Example 42. Two wattmeter readings are obtained on a 
balanced three-phase circuit, one being 17,640 watts, the other 
2178. Calculate the jK^wor factor of the circuit. 

tan <4 “ •v/3(>Pi - M’t) _ i-73ji7f)40 - .2178) _ 1-73 x 1502 
IV, 4 \V\ 17640+ 2178 19818 

1= I-45, aiul^ - 53 " 28 ' 


Solution. 

H P ^ 

746 

=- 108-4 


Referring now to a table of natural cosines, it is seen that 
28' is 0-5953, which is the power factor. 

The Effect of Capacity in Inductive Circuits. The effect of 
capacity in an inductive circuit is to reduce the total resistance 
of tht‘ circuit, and con.sc'quently to increase the (‘fficiency with 
which the circuit is operat(*(l. In considering the effect of 
inductance wi* saw that impedance was expressed by 
V /C* "f but since the combined effects of inductance 


and capacity may hv expressed by 

where h is the capacity in microfarads in the circuit. Cap- 
acity is distributed throughout the whole of an electric circuit 
and it is sometimes fntroduced into an inductive circuit with 
the view' of increasing the power factor. It is easy to see that 

when Ztt/L there can be neither lag nor lead, and, 

ZttJR ^ 

therefore, electrical resonance exists. 
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43. Calculate the capacity of a condenser necetisary 
to neutralize tlie effect of an inductance of 0*25 tienr^’', if the 
periodicity of the current is 50 cycles per second. 

Solution. 

Since 2nfL ~ 

2r/A' 

K ^ _ JL_ 

{inf)^L (2 X 3*14 \ 50)* X 0*25 

- 40-7 microfarads. 

Alternators. An alternator may have but a single-phase 
winding, or it have a two-phase winding, but for mining 



work it is usual to have a three-phast* winding, thus consti- 
tuting a polyphase alternator. Fig. 95 shows three armature 
coils connected at tlu* neutral jx)int in a star connection and 
the armature rotating in a magnetic held between the poles 
N and S of a two-pole alternator. The arrows show the 
direction of rotation of the armature and the direction in 
which the currents are passing in the armature coils. In the 
coil A, which is just beginning to cut the lines of force, the 
E.M.F. is increasing, while the E.M.F. in the coil B is dimin- 
ishing and has the same direction as that in the coil A , The 
coil C is passing in front of the S pole, and consequently the 
EwM.F. is opposite in direction to the E.M.F.'s in the coils 
A and B, As the ring continues to rotate the E.M.F.'s induced 
in the armature conductors vary from positive maximum to 
negative maximum and vice versa in each revolution, and as 
the coils are spaced at angles of 120® on the armature the 
phase relationship between the E.M.F.'s will also be 120® 
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If the free ends of the coils are now connected to three insu- 
lated slip-rings mounted on the armature shaft the induced 
currents may then be transmitted for the supply of power and 
lighting units. Alternators may have multiple poles, and when 
an alternator has multiple poles, N and S poles arranged 
alternately, each conductor passes under a N and S pole 
alternately, and in doing so experiences the complete cycle on 
changes in the electromotive force induced in it. I such a 
machine the periodicity of the current will be equal to the 
number of revolutions of the armature (or field) per second, 
multiplied by the number of pairs of magnet poles, or period- 
Np 

icity = / — . The periodicity, or frequency, adopted in 

6o 

practirt' varii^s from 25 to 50, the higher figure being that 
most c<»mmonly used for power and lighting, but where pow^r 
is the only consideration the frequency may approach the 
lower figure. Since the field in which the armature rotates 
is constant, it is necessary that the electromagnets should be 
excited by means of a direct current, and that is usually 
provided by a small D,(\ dynamo which may be driven separ- 
ately or mounted on an (*xtension of the base plate and shaft 
of the alternator. Two main t^qH's of alternators are in general 
Use, In one type the armature revolves and the field magnets 
are stationary, and in the other the field magnt*ts rotate and 
the armature coils are disposed around the laminatt‘d shell of 
the stator. The arrangement of the stator of the former is 
[irecisely like that of a D.C. generator, but in the case of the 
latter the windings normally forming part of the armature 
are plact*d in the slots of a laminated shell. The rotor of the 
latter tyjic consists of a wheel (usually of cast-iron), to the rim 
of which the poles are bolted. Each pole is provided wath a 
held coil which is wound on a strong spool with heavy flanges 
Fig. 96 shows a colliery turbo alternator with exciter on the 
main shaft. 

The E.M.F. of an Alternator. Let tf> be the flux per pole 
and N the number of revolutions of the armature per minute, 
then the total numWr of lines cut by an inductor per second 
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= 2p<ft, and the electromotive force = 


26 Np 

X 10** volts 
6 o 


per inductor. If there are Z inductors in series, the average 

.26ZNP , , . . 

E.M.F. = £„ = — - — but as the wmdmg is necessarily 
60 X 10* 

distributed over the surface of the armature, some of the 
inductors must be more efficient than others, and consequently 
the foregoing must be multiplied by k, the form factor,*' to 
obtain a nearer correct value of The value of the factor 
may be ascertained from an oscillograph curve, but if the cur\"e 
is assumed to be sinusoidal, k is found by dividing the R.M.S. 
ordinate by the average ordinate 


I 2 

^ ~ = rii, 

V2 ^ 

and the virtual voltage becomes — 

2'22pZNp 222<f>Zj 


E, -- 


10* X 60 


10" 


Example 44. A lo-pole alternator makes 1500 revolutions 
jH'r minute. The armature is made up of 10 coils of 40 turns each 
connected in series. The flux per pole is 10* lines. Calculate the 
ojHMi circuit assuming a sinusoidal curve of potential. 


Solution. Since there are 10 coils of 40 turns there must be twice 
that number of inductors 


2 'Z 2 


10® 


10 X 40 X 2 X 1500 < 10 
10^ y (K> X 2 


^ 22 20 volts 


Relation of Speed to Voltage. The formula deduced in the 
preceding paragraph shows that the voltage {E^) is directly 
pro|X)rtional to spiked provided all the other factors are con- 
stant, but as the speed is altered during an expiTiment the 
exciting current, and, therefore, the field flux, changes, so 
that in order that the exciting current may remain constant 
the resistance in the exciter circuit must be varied. 

Synchronizing Alternators. The variations of load on a 
colliery power station are so great that it is generally desirable 
for reasons of efficiency to install more than one alternator. 
The load factor of an alternator should always be high to 
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enable it to work efficiently, and il the load should nonnally 
be, say, 1000 kW., but sometimes be nearer 500 kW.. it would 
obviously be better to have two 500 k\\\ st'ts than one of 
greater capacity. When it is necessaiy to run two alternators 
to feed the same power circuit care must be taken to ensure 
that the voltages of the alternators are exactly alike. Several 
methods are available for synchronizing alternators. The 
Westinghouse Company make a s>Tichroscope which consists 
of a voltmeter in conjunction with tw'o small transfonners. 
When the voltages are equal the moving pointer indicates the 
zero p)osition, but if the voltages are not equal the moving 
pointer indicates whether the incoming alteniator is moving 
too fast or too slow. An alternative method of determining 
when altemator.s are in synchronism is to connect a lamp 
between the .4 phase of one alternator and the C phase of the 
other, when the lamp will glow at synchronism, out if the 
lamp is connected across the phases, it will remain dark 
at synchronism. 

Alternator Tests. It is important that the leliability of 
the insulation of the stator and rotor of alternators should be 
proved by a .severe t(‘.st prior to installation. The te.sts 
commonly applied are : i. A ]>ressure <*(|ual to twice rated 
pressure plus looo volts is applied b(‘twe(*n stator windings 
of each phase and between any coil and earth for om* minute. 

2. The rotor winding is tested to earth for oiu* minute at 
ten times the ratt*d pressure, with a minimum of 1500 volts. 

3. The machine is run for six hours at full load and the tem- 
perature should not rise more than 40^ C . above that of the 
surrounding atmosphere. 

Switchboard for A.C. Machines. An alternating-current 
generator switchboard comprises three .sections, or panels, 
arranged across the switchboard in the. order from right to 
left of generator panel, instrument panel, and feeder panel. 
Should there be two alternators in a power station there would 
be a separate panel for each, and there are usually just as 
many feeder panels as there are main branches or circuits, 
each section being appropriately labelled. 
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The equipment for the generator panel will be as follows — 

1. One 3-pole bus-bar isolating switch interlocked with the 
main oil switch, 

2. One 3-pole oil-break circuit breaker fitted with balanced 
current protection device. 

3. Three overload and three time-limit fuses. 

4. Six current transformers for balanced current protection. 

5. One single-pole reverse* jKiwer relay. 

6. Three spring-controlled ammeters with current trans 
formers. 

7. One wattmetej, one voltmeter, and one earthing switch. 

8. One exciter |Hjdestal, fitted with main field ammeter and 
voltmeter, one single-jiole field breaking switch and hand- 
wheel for operating exciter field rheostat. 

The essential equipmimt of the instrum(‘nt ])anel would bi‘ 
as follows- - 

1. One synchronizing voltmeter. 

2. One bus-bar voltmeter, and one “ incoming machine ” 
voltmeter. 

3. One synchroni/.iiig plug socket, with synchroscope' and 
am])S, 

4. One three-phast* ]K)wer factor meter. 

5. One three-]>has<* potential transformer with high-tension 
and low-tension luses and single-|K)le isolating links. 

Kach feeder panel would have the following equipment- 

I One 3-iX)le bus-bar isolating switch interlocked with 
main oil switch and provided with earthing jaws. 

2. One 3-iK)le oil-break main circuit breaker. 

3. One spring-controlU'd moving-iron ammeter 

4. Time limit fusi's and current transformers, 

5. One 3-phase wattmeter. 

.\s it is usual to havx* a rotarj’ converter or motor-g<'nerator 
in the jx>wt‘r house for the purpose of providing a supply of 
direct current, provision would have to be made for the 
requisite controls and instruments on a st‘parate panel. 

Shaft Cables. The alternating current generated on the 
surface is transmittiHi to the distribution panel at the bottom 



ALIKRNATING CURRENT PLANT 


177 


of the shaft by means of a tliree-core cable such as that shown 
in Fig. 97. Having n*gard to the neeti fur the cables being 
strong and capable of resisting the effect of the moisture or 
water m the shaft, shaft cables art' double-wire armoured and 
are insulated with vulcanized bitumen, or impregnattxl ^vaper, 
either of which serves the double purjxise of preventing 
leakage of current and accession of moisture to the interior 





{W. T. GUwer & Cn., fJd ) 

I’Ki. <^7. “ SoLHIT ” Thkkk-cork I>.\V.A. Cahi.k 

of the cable. The tigure shows a “ Solbit ” cable, consisting 
of thret^ cores covenxl with rubber, each strand being com- 
pletely lilled with bitum<*n effectively to (Exclude moisture. The 
('OH'S are laid on a cradle of bitumen comjvoiind, :md an* 
enclosed in bitumen. Tw<» servings of braid and thv doiibh*- 
wire armouring complete* tlu^ cable, t*xcept for the outi*r 
covering i)f tarn?d jutt*. Fa{>er-coven?(l cables are metallically 
enclosed, the covering taking the form of a cy lindrical, seamless 
sheath of lead put on by hydraulic pn^ssun*. The armouring 
of all caliles working above the low-pressun* limit of 250 volts 
must have an effective cfmductivity of 50 ptir cent of the largest 
conductor encIo.sed. 

Fig. 98 shows in part section a joint box such as is used to 
connect adjoining length of shaft. The conductors are 
attacluxi to thimbles in the box and tlie armouring to clamps 
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which are bonded across the box, and the interior is filled with 
bitumen to exclude moisture. The box is generally built up 
on a concrete or brick pillar situated in a shaft mouthing. 

Earthing. Electricity Rule 125 (a) requires that all 
metallic sheaths, coverings, handles, joint-boxes, switchgear 
frames . . ., unless efficiently protected by an earthed or 
insulating covering of fire-resisting material, and the frames 



and bed-])lates of generators, transformers, and motors 
(including portable motors) shall be earthed by connection to 
an earthing system at the surface of the mine.” 

An efficient earthing system consists of a ribbed cast-iron 
plate placed in a trench and surrounded by coke or coke breeze, 
the whole being maintained in the wet condition to ensure a 
reliable connection to earth. All armourings are bonded, and 
every other part of the system which might become liv^e is 
connected to the earthing system on the surface by means of 
the bonded armouring. As an efficient earth conductor is 
compulsory and cables may not be armoured, the compulsory 
earth conductor is embodied in the cable, thus constituting 
a four-core conductor, and in the special case of coal-cutter 
trailing cables it might be necessary to include a pilot wire for 
earthing purposes. 
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Switchgear. As it is usually necessary that power should 
be transmitted to several points in a mine, sc^me pro\4sion 
must be made for distributing the current to the several 
branches of the S3^stem, and that involves the installation of 
a distribution box or switchgear in a convenient position near 
to the shaft. Such a switchgear is provided with thrcT bus» 
bars housed in a chamber of rectangular s^'ction, and the 
switchgear controlling the passage of current to the several 
branches is contained in suitable panels that are connected 
to the housing containing the bus-bars. The controlling 
switches are design(*(i so that the circuit can be broken or 
made in air or oil, and it is usual to provide* such switches with 
automatic overload and no-load releases so that the circuit 
may be broken automatical!}^ in the event of overload or a 
sudden or gradual fail\ire of the voltage. Fig. i)g shows a 
group of three units placed in a room near to the 1 of tom of 
a shaft. Each unit comprises an oil circuit brefikcr on a 
sliding carriage mounted on stout framework to which is 
bolted the bus-bar chamber, ammeter, instrument transformer 
chamber, and cable boxes. Connection is niadt* from the circuit 
breaker to tiu* bus-bars by a S}X*cial wedg(*-.shajH*d moving 
contact of the .s<*lf-aligning pattern, which engages with a fixed 
embracing contact. Interlocks are provided so tliat it is 
impossible to inspect the circuit breaker unless the carriage is 
fully withdrawn. In each of the phases of some switchgt‘ar 
units there is a current transformer, and two of these are 
designed to operate the circuit breaker on overload and have 
time-limit fuses attached to them. The secondary current in 
the transformer of the remaining phase cnergi7x*s a plunger 
which compresses a spring, but should the voltage fall the 
expansion of the spring is arranged to trip the circuit breaker. 
When a motor is started up there is an abnormal rush of 
current in the feeder circuit, and unless heavy metallic fuses 
of tYie ordinary type were used they would be burnt out at 
once, but if the fuses have a definite time lag embracing the 
period of high amperage the motor may be started up and 
the current allowed to fall to normal before the tripping 
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mechanism has had time to operate Time-hmit fuses of 
the most efficient type are descnbed m Colliery Electrical 
Engineering, by G M. Harvey 
Road Cables. It is required by Rule 129 (c) that Con- 
centric cables, or two-con or multi-core cables protected by 



Ftfdr$c Co ltd) 

Ik. blSlRIBl TION SWlTCHC.FAR AT 

iHi* Bottom of a Shaft 


a metallic covering which shall contain all the conductors of 
the circuit, shall be used (1) where the pressure exceeds low 
pressure , (11) where the roadway conve\ mg the cables is also 
used for mechanical haulage , and (lu) w^here there may be 
risk of igniting gas coal-dust, or other inflammable material '' 
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In the circunistaiKVs siattni armoured cables are necessary. 
Such cables may. like 1).C. cables, be laid in trougbing ur they 
may be suspended by canvas slings attached to rt)ol supix^rts. 
When }K>wer is transmitted over considerable distances it is 
usually found necessary to join the cable in sectitms by means 
uf joint-boxes, and when the cables are laid in haulage roads 
the joint-boxes should be placed on brick oi coiicrett* pillais 
in recesses along the side oi the road, aiui the cables slumld. \t 
|x)ssibie, be guardeil by the nu)l sup|H>rls where they etUer 
the joint-l)oxe-». loinl-lH>xeN ot cast-iron should einbodN 
the lollowing features 

1. The castings should b<‘ sound and oi ample proportions 
to render the connectors reatiily accessibh*. 

2. The mechanical connecttirs sliould be rigidly attachi'd to 
insulators tixed in the box, and the maximum coiuinctivits 
should be attainable without soldering. 

3. Boxes should In* provided with amplt‘ openings to admit 
of th<*ir Ix'ing filled with sealing comi>oiin(l. and such openings 
should be provideil with coveis. 

4. Substantial clamps should be jjrovided for securing tb<‘ 
armouring to the boxes, and a bond of tinneil copjxT having 
a conductivity equal to that of the armouring sht)uld be rigidly 
artached to th<‘ armouring ot the cabh*s as tlu‘V enter and 
leave the boxes. 


Size of Cables for A.C. Transmission. WV have seen that 
the resistance uf a cable depends on tht‘ Sjwcilic resistanee ot 
the material in the cable, the length and the area ot the < able. 
and it has been shown that in accordance with Ohm's law 
there is a drop in pressure when a current is .sent through 
a cable, but it must also be noted that the droj> in trans- 
mission is intluenced by variations of tenijM-ratiire, sincv th(‘ 
resistance varies with changes of temjR'rature. The tem- 
pt^rature effect is so small under ordinary comlitions that it 
is ignored, and consequently we can combine the formulae, 

R and R , to obtain a formula by which to 

A (' 


ij 
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ciilvuliitv the drop in volts between two points on a D.C. cable, 
thus — 

!■: = 

A 

Assuming that the length of a two-core cable is loo yd., 
equal to 200 > (1. of a single cor<\ and that the current density 
is 1000 ampen^s jmt sq. in., we find that the drop in volts — 

E --- 1000 X 0-66 / 10 ® X 200 X 36 = 4*8 volts. 

The volts droj) on a three-phase circuit, including lead and 
return conductors, is 173 tinu‘s the drop in one conductor, 
therefore the voltage droji in a tliree-core cable carrying 
\/3 X 4*8 

alternating current is 41b volts. This method 

2 

of deterinining the voltag(' drop does not take into account 
the nitio of the impt'danci* of tlu* ( ircuit to the ohmic resistance, 
and, therefore, the result must bt* rt'garded as a lirst a])proxima- 
tion to tlu* n*suh obtained when due allowance is made for 
the inductance and capacity of the circuit. 

Example 45. Calciilat(‘ the sectional area ol a two-core cable 
and a three-ct»ie table lt» tiansmit 150 anipeies to a motor 1000 
)aitls from the gt'uei.iloi with a xolbim* diop not e\t ceding 
50 volth 


Solution. 

Voltage diop per 100 \ d 


5 volts 


Current delimit v 


10^2 amp per sq in. 


Sectional area ot cablt 


144 sq. Ill 


For a three-core eabli' 


Curient density 


1 202 amp. per sq. in 


Sectional area of cable 


^50 

= 0*1 25 sq in. 

120?. 
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Example 45 {a), KltH tiic fV)wt'i at tlu' rate oi 100 kW. at 500 
volts IS fetl into a Iransinisstou line ukk> viL long consisting ot 
copper wire 0*37 in. diameter, whose resistance is 0*03 ohm pt*r 
100 yd. Calculate the ilrop in volts and the current in amjieres — 
(rt) if the current is iliiect, using twa> wires {h) if the current is 
thrci*-phase, using thnv wires wuth uiulv |H)wer factor. 


Solution. 

, V watts 

(tf) C linen t — 

volts 

Dro)^ in \ ohs 


i<Hi < 1000 

~ jooamp 

200 X 0*03 X llKHl \ i 
100 


120 \olts 


(6) Current 


watts 

V 3/^ 


Drop in volts 


1 00 \ 1 000 
1*73 . 300 

^ X 1 20 
1 


- 113 amp 
104 \oUs 


Transformers. .\ triiiisfornuT is a devhe m w’hich the 
inductive action of on<* circuit ujxm another is i*s« il to .step-up 
or .slep-dinvn the voltagi' of the priiu.iry curn‘nt to that of 
the secondary. In its simplest form tin* static transformer 
used in conjunction with A.C. macliinery consists of two 
circuits wound around an iron core, luie circuit, the jiriinary, 
being connected to th(‘ .source of supply, whereas the other, 
the secondary, is attacli<*d to the machinery or other device 
sujiplied with the Iransformtsl current. Fig. 100 is a tlia- 
grammatic represent.ition of a simple single-jihase transformer 
having turns of wire on the ])nniary side and iVg turns on 
the secondary side. The alternating current in tlie primary 
circuit produces fluctuating flux in lh<* iron core, and since 
the latter is linked ivith the secondary winding an alternating 
current ih indu(*i*d in th(‘ srcondary winding, the K.M.F. in 
the latt<*r being proportional to the number of turns of wire 
contained in it. 

K.M.F. in secondary Number of turns in secondary 
K.M.F. in jiriniary Number of turns in si‘Con<lary 

!h 

E, N, 


thus 
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Siiirr thr power in ihe secondary rirruit equah the power in 
llir primary, K'ss the los^ by leakage and resistance, we may 
write down the (*qiuilion of |K)wers. 

- K(\L\ 

wljere A* is the elticumcy ol the transiormer. 


Example 46. 'I'hr [uiinai \ wiiuling <>1 a transft)rmer is supplied 
willi 100 anijKn-s at 22 <><» volts. Assuming that the etticiencN- 
ol the tiarisfoj inei is <^5 pei rent, hnd the current in the seeuiiilary 
tof lespoiidnig t<» a voltage of 440. 


( J : 


hi ,/■ tlierelore T, 


J\C 7 i I 
IS, 


1)3 X 100 \ 2200 
too 440 


=. 475 amperes 



I'hree-pliase transformers are eommonly used for mining 
work and these are of the oil-immersed sidl-cooling core tyj>e. 

I hey an* used in power transmission over gn‘at distances to 
step-up at on<* end ol tlu* line and to ste]>-down at tlu‘ otht‘r, 
and they admit of highly efftcient transmission over long 
cables ol small copper section. Step-down transfomiers are 
useil to enable t'lei tric lighting to bt‘ carried into places where 
the voltagi' must of neci'ssity be limited to the maximum of 
25 volts. 

Leakage Protection. It is desirabli* that provision should 
be made to guanl -jigainst the danger arising from leakag(‘ 
t units to earth and leakage between phases in a thret-pha.si* 
s\’stem. and it is important that the protective devices should 
he automatic in action. Several methods are availabh* for 
isolating tin* .system in which a fault has developed, hut the 
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method nseil in a particular ca>t* may dejK*nil on whether the 
>ysteii> is inesh-connei'ted or staiH'ounected. ami if the latter, 
whether llu‘ eartlu^d neutral is accessible to the \ist r of |)ower. 
If the eartlu'd neutral is accessible a current translormer inav 
be attacluHl to that with the earth wire in the primary cinniit 
and a ( irciiit breaker in the st‘condar\ circuit. Fig. toi is a 


/i 



diagrammatic n‘pres<uitation of a core-lnilance leakage* trans- 
former attached to the mains. 

In a three-phas<* systt‘in of transmission the algebraic sum 
of the currents at any instant is zen» and, tlierefore, the neutral 
point of such a system is normally zero. Hut should a fault 
develop in one of the phast‘s the* bahinc«‘ is disturbed, and 
current would flow through the secon<laries of the current 
transformer in the earth line of the first system and the core- 
balance transformer in the second case, and conseqiH'iitly the 
indicators attached to those' secondary circuit.s would giv^e 
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irnmt'dialo warninf^: of the occuiTenre of a fault in the mains 
and caust* the tripping mechanism to operate on the switcli 
of the faulty feeder. 

Such fleviccs give no indications of the early development 
of an incipient fault, and, therefore, it is necessar}' that 
p(*riodic tests .should lx* made to ascertain the condition of 
the insulation and the armouring and the conductivity of the 
cores of tht‘ cabh‘s. It is possible by means of such tests to 



prevent serious breakdown of the plant by locating vulnerable 
points and making the necessary repairs. 

Testing Instruments. Periodic tests of the insulation and 
the conductivity of the earthing ol cabh's are nt'ce.ssary, and 
when faults occur it is nect‘ssary to locat(‘ them. tluTefore 
suitable instruments must 1 h' provided for making such tests 
as are necessary. These are an ohmmeter in conjunction 
with a generator for measuring insulation resistance, a low- 
reading ohmmettT in conjunction with a small accumulator 
for earth conductor tests, a Wheatstone testing set, including 
a galvanometer and tiry batter}' for resistanct* measurements 
while repairs are" being made, together with |)ortable volt- 
imders and ammett'rs. 

“ Meg ** Insulation Tester. Pig. 102 is a diagram of the 
connections of this handy instrument, wluch is made by 
Evershed cv Vignoles, Ltd., Chiswick. It consists of an 





ALTFRNATINC. <'l*KRENT PLANT 


187 

ohinniot^T and a generator having a piaTiuinent magnet ie 
held, and when thi‘ geneiator K run at 100 ri'vtdmions |H'r 
minute the instnmient develo|>s 500 volts, the scale of the 
uhmineter being hgurt‘d from zem to uk) megohms. The 
moving cdement of thi‘ t>hmmeter consists ot two coils turning 
on the same centre and having a jKunter attaclu'il, and on 
examination of the iigure it is stvn that there are two paths 
for the current generated by the ge nerator, ont', througli the 
pressure coil, the other through th«‘ current coil. In using 
the instrument to test the insulation of a circuit, the cinaiit 
is connected to the line tenninal <»f the sot and tlu' earth 
terminal is connected to earth. The generator is then rotate d 
at 100 r.p.jn., and if the insulation resistance is high enough, 
only the pressure coil is energized, and as that is wound lor 
anti-clockwi.se rotation the pointer is caustcl to mov<* against 
the pin at the reading of “ inlinity,” but if Iht insulation 
resistance is low the current passes Irom the tarth to the 
conductor connected to the line terminal, ami through the 
current coil which is wound for clockwise rotation, thus eausing 
the pointer to mov<* across the scale until the moving element 
comes to rest with the |M)inter indicating the insulation 
resistance. A guard ring and shunt an* j)rovi(U‘d to eliminate 
error fn»m surface leakage. 

Conductivity Test. This test is made hv means of a 4- volt 
accumulator and a millivoltnietir. In testing a thnn* phase 
circuit for line conductivity and conductivity of tlie earthing 
system, the ( irenit is made dead by disconnecting it from the 
.supply. The thret* conductors are short-circuited at tlie inhye 
end and connected to the anuouring, and at tin* oiithvt* end 
the accumulator is connected across the arnaiuring an<l one 
of the phases ; the inillivoltnieter b<*ing conin'ctid ac ross that 
phase and one of the other two. Let L', h(* the* dro]) in volts 
as read on the millivollmeter. Now* connect the* instrunu‘nt 
across the first -mentioned phase and the annonriiig and 
ohservx* tin* voltage drop /ig. 

Z:, voltage* drop on line 

£, voltage drop on earthing system 



MINING MACniNERV 


l8S 

Shoiihl the ratio oxr(‘<*(l 0*5, it heroines necessary to locate 
the hi lilt, which is most likely to be a joint of unduly lii^h 
resistance. Evrrott, lulf'cumbr S: Co., Ltd., make a compact 
testing' set suitable for this purpos<\ It consists of a low-read- 
ing ohmnu ter, a small accumulator, and two metal spikes 
with insulati'd handles. The spikes are ])laced one on either 
side of a joint and the ohmineter gives a direct reading of the 
resisttUU'e ot the joint, hence the faulty one can bt‘ traced. 

Fault in Armouring. Should the armouring of a cable 
come into I'ontact with (‘ither of th(‘ cores of th<‘ cable the 
fault luav' be locatt'd bv means of a galvanometer connected 
succevsivel\' at points on tin* armouring a few yards apart. 
When the direction of deflection of the needle is seen to be 
rever.setl it is known that the fault lies betwirn the points at 
which o]iposite (h'flections were observed. 

Alternating-current Motors. The great majority of A.C. 
motors used in mining are <»f th<‘ induction tvpe ; that is to 
sa\’, they are in prim ijile similar to a transformer exceyit that 
the primiiry winding of the stator is separated from tlu’ si'cond- 
ary winding of tlu* rotor hy an air-ga]). In the stationary part 
of the motor the field windings are di.s])()sed around the inner 
surf4ice of a laminated slu*ll in which a rotating tiild is pro- 
diK'ed bv the variations of tin* rurrt*nt passing through the 
stator windings. Similar currents are induced in tlu‘ rotor 
windings wht*n the rotor is a wouiul one and in the short- 
circuited bars ot the rotor wlu'u that is of the squirrel-cage 
tvpe. Tlu' magnitude of the curnmts induced in the rotor 
of an indiu'tion motor dep<*nds on tht* nsistance of the rotor, 
and th(‘ starting tonpie of such a machine depends on the 
resistance of tin* rotor. Whereas the resistance' of a wountl 
motor may be varieel by the introduction of a starting resist- 
ance in the rotor circuit, the resistance of a squirrt‘l-cage rotor 
Ls fixed. Since the Pe\sistance <»t the latter is low, not only is 
the starting tontue low but the magnitude of the induced 
currents is high, and comseepiently such motors must be fitted 
with a starter which will limit the currents huluced in the 
rotor to the carrying capacity of the rotor bars. In tht' cast' 
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of the wound rtUor. th<* pliu'^'s ol ilu" winding ure con- 
nt-ctcd in star at <»ne t‘iul and the other eiu!s are connected U> 
three slip-rings inonnti'd on the rutt>r shaft. Brushes are plactnl 
in sliding contact with th(*se slip-rings, and leads are taken to 

3' Phase Supply Cab/c 



three equal resistances which are diagranunatically represent<*d 
in Fig. loj. It is seen that the .stator windings are connected 
to the mains by a thr(M'-jv)le switch and fu.ses, and that the 
slip-rings are connected to three sets of resistance coils which 
are connected in star. If the movemtmt of tht* switch arms is 
followed from “ off " to " on it will be seen that in the 
“ on " position the slip-rings are short-<*ircuited, just as the 
bars of the rotor of a sr|uirrel-cage motor are short-circuited. 
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The resistance tisually consists of wire or strips of high-resisl- 
ance alloy, but when the motors are of large size, and have to 
be operated intermittently, liquid controls are used. The 
reversal of the direction of motion of an induction motor is 
etf(*ct(‘d by nutans of a nwersing switch in the stator circuit. 



riu* ti{i;ure also '^h^)Ws tlu* position ol a reversing switch and 
the connections to the other paits ol a thre(‘-phase motor 
t‘(|uipment. 

Methods of Starting Squirrel-cage Motors, riiere are thr<‘e 
metluKls in geneial use for starting s<juirrcl-cage motors, viz., 
by swit( lung the motor direct on to the mains, by switching 
on to th(‘ mains tlirough the medium of a st.ir-delta switch, 
and by using an auto-tr<uisfonnei starter. The first method is 
that geneiallv used in starting coal-cutters siqiplied with three- 
phase alternating cunent from a large supply, and the method 
is always satisfactory, since due allowance has been made for 
the large initial surge of current in designing tlie switchgear. 
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Star-delta Switch. When, for example, a ro;ihciUter has to 
Ik‘ switched on to a small a.c. [>ower snpjdy. and it is desired 
to keep down the initiiil snr^e of cnrrent, a star-<lelta switch 
is placed in tlie supply circuit to the stator. The switch is 
wired so tl»at the windin|[»s are star -con nee ted at the start. 

thus providin;^ tliai the impressed phaM' voltaj^e is of the 

applied line volta^^e, and (he phase current e<|uais the line 
current. When the motor has .ittaiiied full S|>eed, the switch 



lu<. 105 \ero TKANsroKMlCK Si AH IKK 

is inuN'ed o\er into tin* <lelta position, in wiiich the phase 

V )ltage ecjuals the line voltage and tlie phase current is 

of tlie line current. IIk* starting eurnmt is one-third of the 
short-rireuit current , or tive-thirds t>f the full-load current, 
and the siartin/.* lon|ue is about one-thii'd of the full-load 
tonjue ; hence surli a sw itch is only suitable for starting 
motors recpiiring to exert a comparatively small fraction of 
the full-load tonpit* at the start. Fig. 104 is a diagrammatic 
repi‘(*.sentation of the connections in a star-delta sw’itch. I he 
contactor is tiion'ccI upwards to make* the star starting 
connect ic^ns, and th<*n it is moyc'd downwards into the delfa 
running losition. 

Auto-transformer Starter. KeftTring to F'ig. 105, it will lx* 
seen that the stator windings of a .s(^uirn*l-cag<* motor an* 
connected by tappings to the windings of an auto-transformer, 
so that the phase voltage applied to the* stator is a variable 
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fraction of the phajie voltage of the supply Recording to the 
number of turns of the transformer windings tapped by the 
switch. The starting switch has as many contacts as there 
are tappings, and the number of these depends on the necessity* 
for having a gradual increase in the voltage applied to the 
motor. Such starters are constructed on the principle of the 
Iraiislonner, but in this case a single winding only is necessary, 
for if .V, be the numbeT of turns of wire in the winding and /: j 
Ih* the vollagt‘ applied to it, the voltage obtained by tapping 
at .Vg t\ims from one end of the winding will be equal to 


V 

^ /ij. In practice auto-transformer starters are designed 

^ 1 

so that the voltage* applierl to the motor may be \'ari(‘d from 
0*5 to the full voltage ot su])plv, and .since the starting torque 
may he m(»r<‘ than hall ot the full-load torqiu' this fonn ot 
startei is capable of more general use than th(‘ .star-delta 
starttT. It i.s widely ust‘d in conntrtion with thret*-thiow 
and turbiiK* pumps. 
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KXKKCfSE gUESTIONS 

I. Whiit are the tliOen^nces U'twiHMi a UiKHrt riim'ul ami an 
altcTnatiui; one? What is meant In* a thrtn^-pliast* elintiie 
Mrcmt ? ^2fui t/asv h:iam , Non , uiitf ) 

j Slate nliat is meant l>\ the noitls \n italics m the fotli>\\m^> 
(lestription of a s\Mtih--llu‘ suitth is of tht‘ 3*phast* oil httaK^ 
handle Injh* with aatomatu ottthad rdiUhes ami ttnu Itmit 
//o s in phases aiul a /ou'-io/Z {or no-volt) telease in tlu thinl 
phas( y 2 nd Llasi* hxam , Nt>\ lojt; ^ 

\ l)es( uIh* a nu»toi suitable lin »si‘ with tliux**phase, i^o \i»h 
sn « Nile cniient to ilexelop tilxiut lo b h p aiul to stall «i)*ainst 
iuil loatl Unquo J^'niiineiate the lomhutois that nonlil U* ton- 
iu<te(i to the inotoi stating; the |siri to whiih eai li woultl be 
tonnecteil and the finutum <»l each condm t<»i 

[ 2 nd ( la\^ i Mttn \o\ oiii 

^ I \plain the action tit a thiee jihase elecliii What 

an th(‘ tiiflererues beluecn <i noiintJ lotoi and a stpui lel t aj.'e 
loloi " stiite the p.iUuulai uses of each t\pe 

{2nd ( /r#ss / \nni Mo lot.* ‘ 
S l)es<nbe the s\\ ui hf^(‘at that ina\ be mstalleil at ni iumi tin 
(o.il tat( to tontiol and piotec t the inotoi of a t o.d c ultni^ niiU h 
in<‘ (sa\ h }) thiee phase 50 t\tles 440 \olts) .ind to piotist 
tlu men woikmj; <it 01 ne<ii the phint 

{znd ( /t/cv / X4ini Non lot.* ) 
<» \n elettru cable supplier thiee phase -^oiNtle 400 volt 
( um nt f(ji diiNint' a toal cutting inachnu* .1 late loineNoi ami 
a i» lit end loadei spttit\ tlu ajipaiatus \ on would nistidl at tlu* 
Mid of the mam table Nshen tlie supplx biamius to the thiee* 
motois [ 2 nd ( I xom MaN loti ) 

7 \n electric thiee jihase inotoi developing 12 blip take*' 
10 ^ kW to di INC* It Wluit e theeihcieiUN If tlu volts. 11 e 400 
.ind the ampeies is o what is the p<»vvei fat toi " 

[2nd ( / A(tm Nov , loH ) 

S Klcttiic three phase powei isdehvercul b\ a thic*e cote cable 
to an undergiound pump-house at high pressuie to woik a thi(‘e 
thiow pump using ])ovvei at nit'dium })iessun‘ and taking 40 h p 
Desciibc the electric jilant and ap}>aiatus that vou would e\f><»c t 
to find in and ncai Mu* ]>ump house striting the purjK>se of each 
item { 2 nd ( lass / xani Nov . i<M4 ) 

<1 Describe a three phase iiuluctmn motor with scpnirelcage 
lot or, and state what i able connections then* wciuld lx* If v> ^ h* 
cnirent is used, what is the nearest .ippro\iniatc motor speed to 
cioo r p m ^ {2nd ( lass I xam , Mav fd-iS I 

10 (five a descnjition of a switchgear unit foi controlling tlu* 
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supply of current to tlio stator of a three-phase electric motor 
(sav, for Goh.h.p. at 440 volts) and for giving information as to 
the power taken by the motor. The switchgear is to be suitable 
ff»r an underground situation where explo.sive gas might be present. 

(2nd Class Exam., Nov\, 1935.) 

1 1 . What is a star-delta starter? (iivc a diagram of connections 
of the .starter and the machine it controls, showing both the start- 
ing and the running coniu'ctions. (2nd Class Exam., May, 193b.) 

1 In a three-phase electric circuit how are current and pressure 
(or voltage) measured or ascertained ? A motor, when supplied 
with three-phase, 400-volt power, develops 30 h.p. at an efficiency 
of 90 j)er cent and a power factor of o-H. What is the current in 
amperes? (znd Class Exam., Nov., 1936.) 

13. What is meant when an electrical system is said to work at 
“ 50 cycles ” ? How many field poles should an alternator have to 
produce 50-cvt le t urrent at ^73 r.]).m. ? 

(znd C'lass Exam., May, 1937.) 

14. Describe the construction and explain the mode of working 

of a three-phase induction motor with wound rotor. What metal 
is (diiefly used for carrving clectru* currents in motors? What 
metal is used, and in what form, for the stator and rotor cores of 
a motor ? (znd C'lass Exam., May, 1938.) 

13. Describe suitable methods of starting the following motors, 
all of the three-phase ty]»e : 

(^?) A 3-h.p. motor at 400 \olts with a s(]uirrel-cagj rotor, 

(h) A 30-h.p. motor at 400 vidts with wound rotor, driving a 
fan , 

(< ) \ ()<) h p. motor at ^300 \olts with wound rotor, driving 

a direct lope haulage (znd ( Exam., Nov., 1038.) 

10, A thiee-phase traiismisMon line has bare copper conductors 
0*04 s(|. in. s(*ctional area and is one mile long. Fhe resistance of 
topper wire 0-04 .stj. in is o f* ohm per 1000 vards. IClcctric power 
IS fed to the line at the rate ot loot* kW. at 3oi)t) volts, and the 
power factor is o-vS What kilt>watts are tlehveretl bv the trans- 
mission hue ( isMVuss l,\am., Nt)\., Tt)3T.) 

17. In connection with electric power, what is meant by the 
term “power factor” What inav be the causes t)f a low j)f»w'er 
fat tt*r^ If a three-core cable were carrving its maximum current 
• >f it»t> amp at of* pt)wtM facttir anti pp>t) vtilts between jdia.ses, 
what extra |>ower woultl be delivered if the ptiwer factor were 
raisetl to t>-8 ^ (i.st i'las.s Exam., Mav, 1032.) 

15. Dcscrilx' a sviu hrtinous induction motor, .sav, for use with 
three-pha.se, jooo-volt. 3t>-cvcle current. If the motor is tiiking, 
too kiltiwatts whilst the rest of the Itiad on the .svstem is 120 kVA 
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at o-S lagging }x>wer fai tor. what must Ik ‘ \he factiir of the 

motor to make the general jKnver i*u'tt>r uint\ 

{li^t Class Now, 103-*.) 

19. A Ihree-pltase motor works at J40 h.h.p. when suppUc<.l 
with elcctnc current at 3 Ckk> volts between phases. Its elhcieney 
is 85 per cent and the jx»wer factor 0‘75. Taking the pressun* at 
the generator terminals 3300 volts, what is the output of the 
generator in kilowatts to supph the motor ^ 

(IS/ Class L.\aw., May, 1*133.) 
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CoMPkKSsn> air is extensively used for transmitting power 
in coal mines. It is not an efficient system of transmitting 
power, but it is believed to be safer to use than electricity, 
and for oixirations like rock-drilling it is eminently suitable. 
Vacuum plant is now used at several collieries in this country 
lor the conveyanct* of coal from the coal face to a loading 
point at the end of the main haulage road. 

.Air is an elastic body which is ca})able of being compresst*d to 
('onsiderable pressures, as for ust' in driving locomotix es, and 
it may bt‘ expanded by means of an air-pump, when it is to 
be used in dust or coal extractors. 

Equation of a Perfect Gas. Th(‘ law of Hoyle, coniK‘cting 
the volume and pre.ssure of a certain mass of gas at constant 
temper«itun\ is usually signified by— 

pv 

p^v„ - /»r, and thus t*„ . . . . (^) 

Pi 

The law of ('harU‘s, connecting tht‘ volume and absolute 
temjHTature of a certain mass ot gas at constant prt*ssur(‘, is 
expressed symbolically thus-- 

^'i / 1 

- T-, hence - . . . . (2) 

^ a / / 1 


Combining (i) and (2) we get the general equation of a 
|HTfect gas 


/)r 

P'l 


i\T pv 

therefore --- 


p\^'i 

T, 


(.i) 


\Vh«Ti air is at atmospheric pressun- (14*7 lb. per sq. in.) and 
at the teni]>eratnre of melting ice {j2° F.). when the density 
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is 0-0807 lb. per cii. ft., the «H|uation takes the particular 
form - 

144 X 14 * 7 ^ 

pv -= — ^ or pv yyiiVr 

(32 ) 460)0-0807 ' 

Relations of Pressure, Volume, and Absolute Temperature. 

(Vrtain Halations of im}.)ortance in air nmipression ami iitili/.i- 
tion are dedurihle from the equation- - 

Pi^'i Pt^'t ,> 

■f, ~ rr 

When tlie pressure is constant : and 

^ i 

When the volume is constant : p^ and 7 ^ ^ 

^ 1 A 


When all the fact<»r.s are variable : p^ 


Pl^ 1 , 

and 1 



‘ pt 



r,I\ ' * 

pt^ 1 


and r, 


Isothermal Compression of Air, Wh<-n aii is compresseii 
without the temperature of the mass of air being increase<l or 
decreased, the compression is said to be isotluTmal, and ii a 
curve were to be drawn to show tht^ relation of jm^ssure to 
volume, such a ciirv<- would be an isothermal curvi^ conforming 
to the law pi< -- c. 

Adiabatic Compression of Air. If a certain mass of air is 
compressed in a cylinder which does not allow the heat ol 
compression to escajje, the temperatun* of the air inen ase^ 
at a definite rate, and the comprt‘ssion is said to be adiabatic. 
A curv'e of pressure and volume, called an adiabatic ciirvt*, 
conforms to the law’ pv'' = c, where y -- i-4of>, lienee the 
law of adiabatic compression is written - c. Fig. iof> 

shows the curves of isothermal and adiabatic compression 
between the same limits of pressure, and it is seen that the 


14— (I 
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voliiint; of compressed air und<*r adiabatic conditions is greater 
than could be obtained with isothermal com})ression, but as 
the diagram is also a work-diagram it will be understood that 
the additional work which must be done during adiabatic 
compression is that represented by the area enclosed by the 
tw<j curves. As the corresponding amount of energy would 
be lost as heat during transmission it is obvious that it is not 



desirable that air should be coiiipiessed adiabaticallv, but 
rather isothermally. 

Heat and Work. The* amount of work done in raising the 
temperature of a certain mass m ot air from /j® to /o” F. can 
be stated in tenns of joule’s equivalent as follows ~ 

Work dime - 778m (fg - /j) 5 ft. -lb. 
where 6 Ls the speeitic heat ot air, but if the anu)unt of heat is 
ascertained fri>m the heat carried away by the wattT flowing 
through the water-jacket of the compressors, 

Work done 778 x units ot lieat. 

Relations of Factors in Adiabatic Compression. B\' reanang- 

ing the factors in the equation 've get ~ ~ 

Pt 
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19 Q 


and by ro-arranginR the lactors in ilii* ttinatinn ‘ 


Pt^'f 

f.' 


r, 

f. 


tj 7 ', 

- - aiiu i>\ siinsiiiiUKMl - 

\Vt‘ tluTt'fon* havr xhrcv ust‘ful ft>rinulat\ 

40 A 


we get J and bv substitution*-?'^* V» 

j Vr,/ * 

c^r 

^ f-o' 

y>2 \t'j/ 


nee 


Viz., 


(I) 

/»2 \^'j / 

'(r:r 

-> ;; Ci)"' (?;)"“■ 


Since the action of compression is reversible, tbe formulae 
apply equally to adiabatic expansion, and the lavi may be 
used to explain the fretv.ing of moisture in the ports <»i an 
air-engine. 


Compressed-air Calculations. The student should familiarize 
himself witli these calculatunis IxTuuse of their intrinsic 
impiirtance and the opportunity they otter for practici* in the 
use of logarithms, especially in dealing with exponentials. 


Example 47. Air is enclosiHl in .1 t^limln 4 It. long and 2 It. 
in diameter at <i pressure (»f 15 lb jHa sq m. absolute. If tiu* 
\oIume IS slowly diiiiinished to tliree-loiirths of the volume of 
the oylindei, wliat will the pressure he {a) in ]>ounds |)er square 
inch absolute, [b) in pounds per s<piare incli bv gauge i 

Solution. The assumption that the compression takes plact' 
slowly admits of the application of Hoyle's Jaw to tlie change of 
pressure and \olume, tluis — 

Pv^'i * 5 ' 4 

(a) /),?q and p^ - ' 2<» ll» per s(|. in. 

absolute. 




Since absolute pre.ssnre 

-- gauge piessure } atmospheric pressure 
Gauge pressure 

~ alisolute pressure - atniosplienc pressure 
-= 20 - 15 
= 5 lb. per .sq. in. 
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The volume of the cylinder might have been calculated, 
but .since its form is quite regular that is unnecessary. 


Example 48. A compressor has compounded air cylinders 
29 in. and 18 in. l>ore (inside diameter) by 42 in. stroke and runs 
at 1 10 r.p.ra. What volume of air will be delivered to the receivet 
if the gauge pn‘ssure is 80 lb. per sq. in., assuming the volume 
to vary inversely as the pressure ? What factor is ignored in 
this assumption ? (.Assume the atmospheric pressure to be 
15 Ih. per s<|. in.) 

Solution. This ([uestion was set at the Colliery Managt*rs’ 
I'.xamination in the I’rovince of Alberta, ( anada, in June, 1924. 
I heoretieally, tlu* amount of compressed air delivered to the 
ieeeiv<*r after isothermal compression from atmosphtTic pressure 
IS deptMulent on the volume swept by the piston of the low- 
pressure cylinder and tin* initial an<l final absolute pressures. 

Volume swept by L.P. pi.ston 

= * — H 2L / r.p.m 
144 

^ 07845 X 29* X 2 X 42 ’ 1 10 

144 V ,2 

3-533 ft. 


Assimimg the compression to conlorm to the law — p 2^''2 


we get Cj ^ 


Pi^'i 

P, 


>5 -1533 

80 h 15 


3533 


19 


558 cu. ft. per mm. 


The factor ignored in the assumption is that the com- 
pression does not really follow the law of isothermal com 
pression, which is expres-sed by r- ; the index of t- 
being in reality a hgure between i and i*4of>, according to the 
number of stages ol compression and the ettectiveness of the 
arrangements provided for cooling the air during the jirocess 
oi compression. 


Example 49. C'alculate the weight of 1 cu. ft. of air at an elevatuui 
of 4000 ft., the pressure being 12*88 lb. |H*r sq. in , and the tem- 
perature oo*^ F. 

Solution. In Kquatiun 3, p is the pressure in lb per sq ft , 
V IS the volume of i lb. of air at the pressure p and teinperatuie 1\ 
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therefore it follows that the weight of i cti. ft. of air inuler the 

specified conditions is given hy the foniuila— 

* 

1 p 

01 ~ ~ ^ jT 

V 33*267 

I2*8H X 144 
33*20 (4(K> i (M>) 
o*o00t»7 lb 

Example 50. \ii at a pressnie of 23 lb pei sq m b\ gauge, 
and a temperatuio of 6<»'' F , is compressed from a \olume of 
5 cu ft. to 2 ou ft . aiul at the same time is lusited to 130' I*', 
What will the pr<‘ssuie W under the alteied cotuhlions ^ 


H, tht'ielofi 


Solution. In tlu‘ discussion leading to the statement of the 

i haracterist»c an it was show’ii that * ~ * 

f I ^ t 

U5 * 15) * 5 Z’, V ^ 

----- 

4(K1 -I Oo^ 4(K) - 1 30 


40 s 5 \ 610 


2 \ 520 

alisohite, or 102*3 pel sc| m In gauge 


117*^ lb pel s(i in 


Example 51, 1 lie w’ater-jacket of an air compressoi is mam* 

tainecl at a uniform tein|K"rature of 100 !•' , and 10 lb of walei 
are passed per minute through the jacket H the initial tem- 
perature of the water is 40 I* , hiid the mechanical (*<|ui\alent 
of the heat transmitted to the water 


Solution. Ht‘at gnen to the water 

IF (7,-7,) — to (100 - 40) 

600 Hntish Thermal Fnits 
Mechanica. ecjuivalcnt U 

~~ JH - 77H X tXK) 

- 4(>6,Soo ft -lb 

Example 52. If 10 cu ft of air at a pressure of 13 lb. per sq 
III were lompressed adiabaticallv to a jiressuie of 00 lb per sq 
in , what would be the volume of the compressed air 

'b IS y.* ^ 

Solution, -i I — I ; therefore 

/). \\\j ’ 9<> 

15 X 10' ^ 10* ^ 

qo 6 
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(Ising logarithms — 

I *406 log 
]<»g 


- I‘40() log TO - log C) 
l-^oO log 10 ' log (» 
1*406 

1*406 X I - 0*7782 
1*406 

0*4465 
2*8 cu. ft. 


Example 53. A certain volume of air at a temperature of 
80** 1*'. IS allowed to expand adiabatically to twice its initial 
volume. What is tin* temperature of the (‘xpanded air ? 


T Iv \<**4r)6 

Solution. T,T I -^] • therefon* 7 ', 

2. Vv 

D.sing logarithms log 7 'a 



" * ^ i f 0*406 log — 

log (460 j- So) i- o*|o(»log .J 

^73*24 1 ( 

i*(jl02 

7 ’, -• 407*6 ' absolute, or - 52* t' h . 


Example 54. \ir is tak<*n into an air-compressor at a tem- 
perature of 50' V, and a j)ressure ot 15 lb. per sq. in , and it is 
coinpiessed adiabatieallv to a pressun* of (>0 lb. per sq in. as 
legistered bv gauge ImikI the temperature ot the compressetl air. 


Solution. 


or 353 * 3 " 1 ^ 


Xp-ij \6o -1 i5y 

and I\ -- 510 X absolutt* 


Law of Actual Compression. In the ordinary case of air 
compression the lavs' t)f the pressure- volume curve is similar 
to the laws governing isothennal and adiabatic compression, 
the essential difference being that the exponent of v in the 
formula -- has a value between i and 1*406. The value 
of n depends mainly on the rate at which heat is abstracted 
from the air during the process of compression, and that is 
dependent on whether the compressor is double-acting or 
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single-acting, at least that generali 7 .atum a|)|vars to ih' jtistiiif 
by a study of diagrams taken fn^in eoiiipn*ss«>rs working uiuler 
ordinary conditions* 

Fig. 107 was taken from the I,.P. cylinder of a Walkei 
compressor 20 in. diameter, and stroke 18 in., running at 
180 r.p.m. 

The compressor was running at full load and had water- 
jacketed cylinders, compression taking plat'<' on both strokes. 

When Vj was 8, was 19*2. and whi ii was 5. /», was 
33*2, and 


n ~ log ~ 

Pt 


log ^ 

^ T’l lug o*h2() 


17627 _ - 0 2373 ^ 

171 >06 - 0*2034 * 

The value of n as deduced from the diagram taken from 
the H.P. cylinder w.is found to be 1*21, therefore we may say 
that the wilue ol n is not likely to exceed the figure givtii by 
Tiiwin, provided ach'quate provision is made for the rapid 
abstraction of tin* lual of compre.ssion from the air during 
the process of C()mi>ression. It should, of rours<*. b(* observetl 
that while a low \ alue of ft dt notes eltective cooling systems, 
it may also indicate lc»ikage air from the ])n*ssure side ol 
the j)iston to the sucti(ui side or to the atmosphere in the case 
of single-acting comi>n‘ssor.s. 

Effect of Clearance Space on Compression. Tluu<* must of 
necessity be some space provided betw<‘en the piston at the 
extremities of its motion and the cylinder ro\'ers, and there 
must also be some space between tin* cylinder swept liy the 
piston and the valves. Every pait of the .spate within the 
(ylinder not swe])t out by the jiiston is reh*rrt‘d to as the 
cleamnce space, 

rhe air in the clearance space lias to be compressed at each 
stroke of the piston, but as there is little or no heat lost during 
tiie expansion of the air as the suction stroke is made, the 
the etfect of the clearance space is to dimini.sli the amount of 
air delivered to the receiver and consequently it is necessary 
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to provide a larger compressor for a given output than would 
be required in the case in which the clearance space was less. 
Fig. 107 shows that the fall of pressure to the atmospheric line 
is delayed because of the higher pressure of the air in the 


•b 



Fig 107 ( GMPUFSbioN ( urvk from W \i ker ('omprkssor 

clearance space, but the diagram also shows that by the time 
the end (d the stroke is reached the cylinder is full of air at 
atmospheric pressure. 

Compression Efficiency. Tlie latio of the theoretical horse- 
power reijuirod to compress a certain v’^oUime of aii bi tween 



de(ine<l limits of pressure to that actually recjuiud is an 
evpression of the efficiency of compression, and the efficiencx 
ol compression dejiends upon the design and effectiveness of 
the water-}acket or other cooling devices, and, as we shall set*, 
it is principally to increase the compression efficiency that 
multi-stage compression is employed. The simplest method of 
determining compression efficiency is to plot on the indicat tir 
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diagram the isothermal ciirw, starting at the bt^ginnlng of 
the stroke and finisliing on the terminal pressim' line as in 
Fig. io8. The ratio of the area of the isothermal diagram to 
the area of the diagram drawn by the indicator gives the 
compression efficiency. The areas can hv nuMsvired in a few 
moments by a planimeter. The area under the isotliermal 
curv’e in Fig. io8 was found to be 250 units, and the area of the 
indicator diagram measured 245 units ; therefore the efficienc y’ 
of compn\ssion was pT cent. 

Overall Efficiency. The overall efficiency is e.\pressecl by 
the ratio of the isothermal horse-|>ower based on the deliyvn’d 
air to the brake hors(‘~power at the sliaft of the compressor 
The determination of the overall efficiency involves the calcu- 
lation of the theoretical isotherm«d horse-power, the calciilatum 
lx‘ing based upon the volume of tree air delivered, and the 
ascertainment of the brake horM -pow i r of the engine >r motor 
which driy'es the compn'ssor. 


Example 55. An air compiessoi i ompiesst's and delivers 
VX) cii. It of free an pel inin. The inhd presMin* is 15 Ih jmm 
s<| in absolutt*, and llit* It'riniiial pn'ssure 00 lb pei s<| in 
absolute 'I'he braU<* hots<* powei of the inotoi driving the 
ciiinpiessor is (>2 K»Mjinied the »»\< rall met lirimr.d (‘ifiriem \ of 
tlio i'ornpiessor. 


Solution. Isothermal hoisr-powin 

P 


331 -2 1<>K ■ 


^3,000 


33 '*- b*) ' 

* S 


4^*3 

( K tTall efliciencv 




42*3 / 100 
()2 


(».S*2 cent 


Broom and Wade’s Single-stage Compressor, h ig. loq shows 
the principal features of this coinjiressor, an<l it will be sen 
tliat the suction valve, wdikdi is of the* poppet type, is o[x*rated 
mechanically, the delivery valve being of the plate typt^ The 
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compressor is used to compress air nj) to 120 Ih. per sq. in., 
and the eylind(*rs an‘ dcsign(‘d so that the cylinder heads as 
well as the cylinder w^alls and valve pock(‘ts are available for 
water-cooling. Cased lardened parts are, where possible, used 
in the construction oi the com])ressor, otlierwise high-carbon 



I u. Broom and Wadr’s 

SiNi.lh SIM. I CoMl*R^SSOR 


steel is used, arul forced lu]>ricatu)n is piovaUd for idl Ixniimgs, 
crank pins and gudgeon pins Owing to the use of inechani- 
<\dl\ opt'f.ited suction va!v<‘s, coupled with small cylinder 
< learance, tht‘ voluinetiic ethciency of the coinpn'ssor is high, 
and since «i Tnimber of small cylinders is used in preference 
to a single c\ Under ot tlie same capacity, the eflective cooling 
surlace is increased. Tlie pistons are ribbed to enable them 
to be maintaimnl, by conductivity, at practically the same 
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temponituro as the walls of the cylintlc rs. thus increasing the 
c<M)ling t‘tfecl by about 40 jkt cent. 

Am>ther im|K)rtaiit feature of the compressor is tlu* go\ vrnor 
by whirli the suction valves are lifted tnnn their seats when a 
predcttTrnined pressure is reached in the receivtT. Hv this 
method of go\;i^ming, when the niarhiiu‘ is running on light 
load, the air is simply drawn in and exhausted from th«‘ 
cylinders at atmospheric pressure. The compnssor is fitted 
with a fly-wheel so that the varying effort of the piston may be 
converted to an equalized effort in the driving mechanism. 
It need not be emphasized that when the compressor is driven 
by a directly connected sy\im-engine the grt‘.itest vtUni of the 
engine is made at the b(‘ginning of the strokt‘ when tlu* load 
is least. At the end of the stroke the eiuulitions are reversi*d, 
hence tl^g need for a balancing device 
Action of Two-stage Compressors. Two-stage < nmpic.ssion 
may be elft*eted in one cylinder when the piston is of the 
differential form embodied in the S<‘nthu‘i compressor, or it may 
be ilone in two separati* cylinders of tlu* double-acting tv]H*. 
Whatever may be the particular form of a two-stage com- 
pressor, its geru'ral arr.uigenu*ut and aelion may bestuilied in 
relation to the schematic diagram shown in h'ig. no. 

.\ir at atniosph(*ric pressure, called free air, enters the system 
at A and j>as.sing through the inlet valves .it />' i nters the low- 
jiressure cylinder. This takes place as the piston moves 
towards thi* right, and as air under the first stage of com- 
pression is forceil from the L.P. cylinder through tlie valves (' 
into the intercooler, so also is air drawn into the H.T. cylinder 
through the v*alv'e I) to undergo the second stage of com- 
pression. It will In* ol)ser\ed that wliile this has been taking 
place compressed air is forced through tlie valve // into the 
nieiver. As the pistons move towards the left, air is drawn 
in the L.l^. eylindi*!' througli the valve /•' and into tlie H.b. 
cylinder through the valve E. Simultaneously, jiartially 
compressed air is forced through the valve (i into the inter- 
cooler, and air which has been compressed to the final pressure 
is forced through tlie valve J into the receiver. 




Illustrating Two-stage Compression 



^ ^*^l.USRtCATO« 



0 M*") 


Fig, III SLNTiNtL \iR Compressor 
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It has been said that heat is jmxinct'd dunn^^ c<mv|>ressii>n 
and that air cylinders art‘ surrounded hy water-jackets thnnigh 
which water is kept in constant circulation, l)ut a.s watei- 
jacketing alone doe^ not reduce the tein|X‘ratnre of the com 
j>ressed air suthciently the air is subject to lurther C(n)Iing 
as it passes from the L.P cvlindci to the H.P cylinder The 


vlevice in which this further 
cooling takes place is called 
an intercooler, and on re- 
lerring to Fig. no it will 
hv srt‘n that as the com- 
pre.ssed air leaves the inter- 
cooler It is snbjicted to 
tlie maximum cooling eflcct 
by indirect contact with 
I lie cooling svater as it 
<‘nters the intercooler. It 
IS customary to ])r()\ide 
the receiviT with a .satetx 
valve to guard against the 
< ttect ot an ( xplosion 
arising from the ignition ol 
vaj>orized lubricant. It can 
be j^roved that the best re 
lation of the pressures is 
/•a = \'pip3. 



In. 112 ( iu)'*s sh( I i(»N oi 
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Alley and McLellan’s Two-stage Compressor. Ihe Sentinel 
compressor is of the single-cylinder intercooling tyi)e, and big 
in shows that the piston is of the trunk or ditfen niial pattern, 
actuated by a crank-shaft through the nie<lnim of a conm cling 
lod. 

The spac(‘ above the piston h< ad forms the low-pressure oi 
gathering cylinder, and the annular sjiace Ix’low tlu‘ piston 
head is the high-piessun* <»r discharging cylinder. During 
the downward stroke of the piston, air from tlie atmosphere is 
admitted to the low-pressure cylinder pa.sl the multiple-ported 
valve shown in Fig. 112. When the motion of the pi.stun is 
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about to be reversed the \n\vt vah'^e closes the inlet to the low- 
f)ressure cylinder, and wlien fnrtlier u])ward motion of the 
piston has compressed the air the discharge val^’e is opened, 
allowing the discharge of air through the low-pressure dis- 
charge valve box to the intercooler. 

While the piston has been moving upward, air is drawn 
from the intercooler past the H.P. inlet valve into the annular 
s])ace, the cylinder, and the portion of the piston of smaller 
diameter than the piston head, and the next downward stroke 
further compresses the air in that cylinder until it is dis- 
charged at the working pressure past the H.P. discharge valve 
to the receiver ready for use. The cylinder and its cover are 
thoroughly water-jacketed, so that the air may be cooled 
during com])ression, and between the two stages of compression 
th<‘ air is cooled down to the inlet temperature. 

Sentinel Valves. The valves fitted to the Sentinel compressor 
are of the disc type, and their construction will be understood 
from Fig. 1 12. The valve A is mad<‘ of tough steel in the form 
of a grid, and it is guid(*d in relation to its seat B by the small 
ste(‘l ( Ups C, which work in the guard D and engage with the 
valve at E, the valv'e being ndurned to its seat by springs E 
held within the cups C. It is seen that the valve is closed 
l)\' a spring and dot's not de]K'nd for its action on any cpiality 
of spring ]>ossess(‘d by the valve itself. The valves are placeil 
in the eylindt'r covt r with the object of reducing to a minimum 
the clearanct' in the cylinder. 

Action of the Governor, When the pressure of the air in 
the receiver rt'aclus the limit fixed as the working j)ressure 
an adjustable governor acts instantaneously on a throttle 
Vtdve fitted to the air inh't and a release on the discharge, thus 
stopping the flow of air into the gathering cylinder. Pig. 113 
is a sectional rejiti'sentation of the governor. Air from the 
receiver is admitted to the underside of the small piston A. 
The throttle vahe B is loaded by an adjustable spring C, so 
that wlu'ii the ]>ressure in the receiver rt'aches the working 
limit the small piston rises in its cylinder and, slowly lifting 
the throttle B, cuts off the entry of air to the compressor. As 
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the throttle valve closes, air is admit tt^il to th«* small valve, 
which unloads the secuiui cvlituier* and so the iu>mpix*sM)r runs 
without load until the pressure in the reiaaver again falls 
slightly lower than the %vorking pressure, when the throttU* 
valve o\m\<> to allow air to jkiss to the gathering cylinder, it 
is obvious that this motliod of governing a eompressor nukes 
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for the grt atest ellicieiuA of woiking at all tiin<‘s, and when no 
air is being compressed the energy expend<'d is practically 
tuily that required to oveicome tin* inertia and friction ol 
the moving parts of tlie compressor. 

Intercooler and Aftercooler. An interi<M)lei is a device 
through which air under compression is j)asst*d from one stage 
to the next higher stage with tlie object of reducing the tem- 
perature to such an extent that the whoh* opM-ration of com- 
pression conforms closely to the law pv ~ C. In the smaller 
sizes of compressor it occupies the pt>sition shown in Fig. 11 r, 
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but intercoolers of large capacity are set up vertically, or 
mounted' horizontally, on a separate foundation. Whatever 
the position or size may be it is usual to work intercoolers on 
the principle of counter-currents, that is, the air passes through 
the intercooler in the opjK>site direction to the cooling water. 
The basic idea regarding the construction of an intercooler 
is clearly shown in Fig. iii, where it is seen that a number of 
metal tubes art* littt'd to partitions in the cast body of the 
intercooler and that baffle-plates are formed in the body to 
give the air a circuitous path through the intercooler. The 
intercooler is cylindrical in form, and the water enters it at 
the end from which the air makes its exit. An aftercooler is 
essentially of the .same form as the intercooler, except that it 
is connecti'd to a com])ressing plant between the compressor 
itself and the receivTr. Tlu* advantage of the aftercooler is 
that, lik<' th(* int(!rcooler, it (‘iiabh's water deposited from the 
air passing through it to be drawn off instead of being per- 
mitted to pass to the air-engines, in which it might be con- 
verted to ice during expansion of the air. 

Receiver. It is always necessary to provide a reservoir for 
the storagi* of air as it conu s from the compressor, and in view 
of the high pres.sun^s to which air is soinctinu s compressed 
it is customary to make receivers of mild steel with single- 
riv<‘ted and lapped circumf<*rt‘ntial joints and doubU'-riveted 
lap]H‘d longitudinal ]oints, F-very n'ceiver vshould be fitted 
with a pressure gauge, a safety valve and a drain cock, and 
its volunu* should bear some proportion to the capacity of the 
compressor and the ])ressure of the power air. 

Desirable Features in an Air Compressor. The conditions 
to be fultilled in the di'sign of an efheient reciprocating com- 
pn'ssor, to which allusion has already been made, may be 
summarized as follows — 

1. The inlet valve should admit of each cylinder of a com- 
pressor being completelx* filled through the stroke with air at 
the inlet pressure. 

2. Tlie air should pass through the inlet and discharge 
valves without appreciable rise in temperature. 
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3. Inlot valvos sliouM W |H‘rf«‘< llv air u^lit m> that n<» 

(x>rt!(Ri of air Ix^infi* may !»«* (UM'h;irg<*<l into tin* 

atmosphere. 

4. Discharge valves shouKI lx* so tight that nt» |X)rtion of iln* 
air which has been (lisc'hargtHi into tlie rect*iver mav he passed 
hack into tin* cylinder to he coinpresstd again. 

5. As much as |K»ssihle t»f the heat of compressu)n shmdd lu- 
abstracted from tlx* air during compressum. 

t>. Ihe air should lx* cooletl to inlt't t<‘m|K*ratnr<‘ by pa'^sagi 
through initTcooltTs h.iving ad<‘<piatt‘ cooling suiiaeos .md 
being sup}>lied with sidheient cold water. 

7. All parts diouUI he easilv ae<*essible tor e\amination*anil 
repair. 

S. 'llie lubricant chosen lot the compressor should be* 
cap*d)le of adecpiatcls’ iubneating tlx* mc)ving pails ca llii* 
c'oinjm'Ssor which make* contac t with stationary ptin> end tlx 
lubricator should be (Unsigned to pre vent admission to tlx 
evlinder or intercooler ot excess ot the* lubricant. 

Explosions in Air Compressors. It is known that explosimis 
sometimes oecur in some parts ol an air*compn‘ssing [ilant, 
and s(>iix*tinx*s there are hanintja^s of c'arbonaec’oiis deposit in 
some })ortion cu the s\>tein It nui\ be- that tlx* c'oinbustion 
ot carbonac'cons dc’posit mav be* a jm liminai v to those* c‘\pU»" 
sions which take place*. It appears to tlx* writer that c'ertam 
conditions must exist in order that an c xplosxm ina\' take 
place. In the tirst place there must lx* an adequate amount 
of some combu.'^tiblc* .substance which wlx*n ignitc‘d will c aus<* 
a violent explosion, and in the second i>laet‘ then* must In- 
brought into contact with tlx* combustible substance some 
source of heat whicli is c apable of raising tlx* temjH-ratnn* ol 
the combustible- substance to the ignition tem|HTalure. 'Dx-re 
are two possible kinds of carbonaceous, and thcrelore (one 
bustible, substance to be found ih an air comprc*ssor, one* 
arising from the vaporization of tlie oil used in lubricating 
the machine, the.* other being prexiuced by the carlionizalion 
of the lurbicant. It is a well-known fact that combustible 
carbonaceous deposits are to be found in the air passages of 

I s (7 54^'*'' 
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intercoolt^rs, in lh<* valve poc'kets, and in ihe discharge pas- 
sages, and it is quite likt‘ly that th(‘se have gathered there 
on account of the cooling and the baffling influences to which 
the moving compressed air is subjected. 

Turbo Compressor. Tht* rotary form of air compressor was 
found to be such a satisfactory’ blower when used for supplying 
air to metal lurgi(‘al lu maces, that it was only a matter of 
time for its dt'sigii to be so modifa^d that it could be us(‘d 
efficiently to supply larg(‘ volumes of air at pressures normally 
re<|uired to driv(* the machines in common use about a colliery’. 
It has been said that tlu* turbo compressor is nothing like 
so eflicitmt as a recij^rocating compn'ssor, being much less 
economical in the smaller sizes, and only slowly ap])roaches 
the efflciency of the reciprocating type as the volume of free air 
becomes considerable. As matUTs stand at present there is 
little doubt that for out]nits i xceeding 5000 cu. ft. of fretj air 
per minut(‘ the rotary compressor is a lively competitor with 
the reciprocating compressor. 

Principle of Turbo Compressor. ReftTi ing to Fig. 114, which 
sfiows a transvtTse section of a sim])le turbo blower, it is seen 
that air enters the rotor in an axial direction at the centre and 
is caught up by the guide blades which revolve in the direction 
of thi* arrow marked “ rotation.” As the rotor revolves the 
blades impress iqH)n the particles of air contiguous to them 
a certain force whi('h iMUses them to move outwards from 
the centn* at an ever-increasing velocity. This velocity, 
whatevt'r it may be when the j)articles reach the periphery of 
th<' rotor, may b<* resolved into two velocities, one in the 
direction of the radius through the point of exit from the 
wheel, and the other in tlu* direction of th(‘ tangtmt through 
the same ])oint. As tin* particles xd air havt* the rotor with 
greater vt'locity titan they had when enttring the rotor, it 
follows that they now |>ossess more energ}’ than previously, 
but as that energy exists for the most ])art as kinetic energy, 
and it is pressure energ\’ that is required for the transmission 
of px)wer, it is necessiiry that the velocity of the air should be 
diininished in some way. Since the total energy in a stream 
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of fluui cunNt.int. ioui wt‘ nia\ loi t‘on\« nu'ucc the 

\vhtH‘l t<» <KH‘upy tlu’ hon/imt.ti ptiMtuui, il lollows troju the 
truth oi Hern<milh\ thcort'in that dinniiiitum kinetic 

energy is accojnpani< il hv an iiichmsi* of pn’ssurc enerjiv. As 
the air paw's throui^h tlu* \vhirt}MM>l chainlH i* it is j^nided by 
giiid(‘ vam s throncii pas^am's hi twrm th**in. A" tlie «iir 



}>asst's from tla* inlet to the outlet ol the dittus< r nrif', fir whirl- 
pool ( hamher, its \elo( itv tl«*ci< ast's and there is a corresj>ond- 
ing increasi* m the ])n*ssure of tlie tiii. Jn order to fditain 
higher pressures than «ire obtainable with one rotor, several 
rotors are lixed on tlie same shaft, but these are se]>araled 
from each other by <Jiaj>]iragnis fixed to th<* casing, thus 
forming individual stages. In ea<*h diaphragm an annular 
guide passage is formed so that the air may be conducted from 
one stage to the next w’ith a minimum loss of energy by friction. 
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rij<* ('omprrssor is C‘ss(‘ntially a multi-stage one, and as a rule 
it is littcd with a water-jacket, and may also lx* fitt(‘d with an 
intercooling system between stages. 

Portable Air Compressors. In modern coal mines the, occasion 
often urises for the use of air-driven machines in mines vvh(*rt‘ 
power is geiKTally transmitted electrically. When tunnels 
are to be driven, or coal has to be broken down, holes ha\*i' to 
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t'l<. Ml \lK (\)\n»Kl' sSDli 

be boied to take th(‘ ('haig(* t)l e\j>l()si\'e, or to recei\’(‘ a ( ai(lo\ 
t*i ll\(hn\ sIk’II.oi to ac ('oinmodate a ( oalburster. I'hat work 
Is (Iniu* eitluM 1>\ mt'ans <>( pereussixt* or rotary drills, and in 
both I .IM S the sup|)l\’ ol eoinpiessed an is pro\ ided by the 
installation ol portabh‘ an compressois near the situation in 
\Nhich the piuMimatu tools are to be used. Fig. 115 .shows a 
nniu'-ear eompressoi winch is made in various capacities, the 
ina\imum being ,J3o cu. It. of iree air ])er minute. It is seen 
that an a <*. motor, \vith e\t(‘inal cooling ribs, is mounted on 
th<‘ steel car frame and connected direct to the compressor; 
the rec(‘ivers being placed alxjve the motor. 

The provision of sueh a ma<'hine enables a supply of com- 
pressed ail t(» he obtained witli a minimum lo.ss of air by 
leakage, .ind minimum loss x>f I'Kiwer bv drop in pressure 
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fiom h'jk \t;e nr hu tmnil n sist nui (»f tlu' «iii {vissiiit^ 
t}uoU4*h tin pi]Ks 

Air Pipes, llu pi{Hs umhI in lln n ink'll n*Hsion of tom 
pitsM(l iiii jii,r\ hi m«hl‘ nt < *st non \\rouji*l't ir4»n oi I 
Wioui^li! iron or st<«l pijHs to piciuiMl to lasf iioii 
pipi s 1 m 4 nis 4 tlK\ an litjhtt i ancltlunlon t i^su i t<r handlt 
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( i>i irf»n In Initth in«l ]>«( nis4 ot thit < i^t iron pip< ^ m 

lint n 4) to i 4 Ni>t vti,ss(s (hi4 to t« nsion md sin ii 

wroiii^ht iron or st<il pip< ^ Hu main .nr ))ijH in th< shaft 
ina\ l>t inst lilt 4l \\ ith siu li ( an is to j^iv< liltli trouhlt mil 

l<aka^4< pr<\4nt<(l < lUiit 1\ it tin punts .tr< UiMul 

insti ad of In in^ bolti (I Ila tointsnia\ In ui Kit d iii tin sli.ilt 
whtn tint is lunniNsibK but should that o}n ration In hkt 1\ 
to pio\t danpt rolls In < .»us( 4»t tht aniount oi infl.uiiinabK ^as 
in th< ail lilt work ina\ In dont on tin surfat t Ihjnsplattd 
in tht shaft whatt\trina\ In thtirfoiin must In supptuttti 
b\ loUaung similar to that us< d m supportin|L( w.ittrpUHs 
lilt pijns) iistd on roadwa\s an f'uurallv roniitttod togitlur 
b\ boltid hanj^ts Tin Hant^t s on cast iron pijn s an habit 
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to be brok(‘n by rock movements, hut the loose flanges on 
wroiight-iron or steel pipi‘s are more tenacious and less likely 
to be broken. It is (‘Sjm ciall}^ desirable that the air-line should 
be flexible to some extent, and that is best secured by the use 
of a joint that admits of free mov<‘ment of the pipes within a 
liniit<;(l rang<* of angh*. Th(‘ Victaulic joint shown in Fig. ii6 



Im(. it;. Loosk-flan(.ei> Pipe Joint 


is one that remains air-tight (‘ven when the axis of one ot 
the pipes is turned through an angle of 15® from the other. 
Fig. 117 shows a ('ommon form of the loose-flanged joint used 
to connect wrought-iron or steel pipes. 

Pipe Supports. Because it is easy, or convenient, to lay 
<ur-j)ipt's on the floor ot the mine that is where they are sonu*- 
linu s laid, but thos<' who have had experience of the work 
ot repairing joints in pip<‘s which have Ix'come covered with 
d(‘bris, know that it' is a much better plan to rais<' the pipes 
alK)\a‘ the floor, and to support them in such a position that 
joints can bt* atteruhal to and leakagi‘S discovered. Air-pipes 
ought to be supportt'd in some such manner as that indicated 
by Fig. 118, which shows the pi|X' to be supported on a batten 
nailed to two props. 
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Undergrotind Receivers. Ft is nH»st lik<K that tlu* ttim- 
prtsspd air ])assing down thtoin;!i tin pijMs in .1 shalt will ha\t‘ 
attained tiu tenijHTatun of the outside atinosphtre In fine 
the bottom ot tht shaft is nadud, proMded tlu shaft is not 
less tlian i^k) ft deep , thendou . it is di siiabU that tlu < at lu st 
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oppoilunitN should lx t ikcn todi iw oft lht‘ (.oikUiismI \apour 
that will liaM j^atlund in tin jhihs diu to tlu Miolinj; of tlu 
air Fills IS most (on\Miuutl\ doiu 1>\ p.issuu; tlu ait into 
a nc<i\ti at tlu bottom sh.iit llu w,it(i in i\ lx inn oil 1 >\ 
hand IS It ^atlu rs n tlu 01 an .intoniatu wat<i tiap- 
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WAy lx usul tlu latter d<M(( In ing pn fe lalih llu |uiiui|)il 
use of a leetuer is to serxt is i nu ans of storini^ < oiiipo ss< <| 
air in sue h qnantiU as lo prt\ent Moh nt inilsations oi the 
air in tlu pip<'s, and it is foi this reason that either, ami 
pe^ssibly smaller, rerei\ers should lx installed at fKiints 
adjacent to the* engine's in which tlu an is to be n^cel J he 
receiver acts as a resc rc^oir of jniwer in so far as its eapatily 
enables it to meet sudden demands fe»r jxiwe r Fn eirde-r 
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\h:i\ it may fulfil that function properly its volume should he 
at least thret* tinus tlK‘ consumption of air ]X'r minute 
Obviously, inbye receivers may be smaller than that placed at 
the bottom of th(i shaft. Fig. JK) shows a suitable arrange- 
ment ol a rec(‘iver in a ])ipe-line at an inbye position. The air 
pass<‘s into th(‘ reciuver at tlu* top and h‘aves it at the top, 
but the drain-cock or water-trap is attached at the bottom to 

(‘nabh‘ tlu' wat(T to lx* drawn 
otf periodically. The ni‘ed for 
removing wat(*r from the air- 
lint* is ap})arent wli(*n oiu* con- 
siders that the tem]:)erature ol 
tlu* eNhaust air may be lower 
than tin* tnrzing point. 

Air Drier. Ft is usual to 
su])ply air-driv(‘n engin(‘s with 
air at full pressure tor almost 
tin* complete length of the 
stroke, so that then* is consid(*r- 
abli* risk of tin* interruption 
ol working of sut'h (‘ngint'S un- 
less the air is drit*(l before ust* 
or the leni})eratun‘ is increa.sed 
by preheating. 'I'he lattei 
method cannot be used with 
convenience and safety in coal- 
mines, but the former mt‘thod 
ma\' be (‘mpl<ive<l with advantage. Moisture may be removed 
Iroin compressed air b\’ [)assing the latter through such a (h*vice 
as tht* }luw(H)d air drit‘r. This device consists of a cast-iron 
chamix r in which ti number of plates are placed in staggeretl 
toimation to int<*rcq)t tin* passage ol moisture which is 
coll(‘ct<*d in the lH)ttom of tlu* chamlx*r and automaticalK’ 
discharged from it through the valve in the lower portion ol 
the chamber, h'ig. lio is a section of the drit‘r. 

Diameter of Pipes. In considering the dianu*ters of pipt's 
forming parts ol a compressed air installation, one may regard 
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the matter fn.m the imint *>f \iew of tlie :illovvaJ>le limit of 
Yel(K'itv of the aii ]Ms>ing through the pi|H's, or from the 
staiidpoint of the allowahie pressiin' drop over a eertaiii 
h-ngth of piping. Dr. 1 ). I‘enniaii Mtggest-< tin- f.illowing limit.s 
of vekx ity - 

Main air lim*s 2^ U jx*r mv. 

Branch pipes . . . . . 

Host‘ pifH-s .MX) *’ *’ 

Till* iinjXfsition ot a linnh il vrionty rt allv to llir 

n*(hu'ti()n ol tfu* lo'>s of pussun* hv the irirtunial rvsistanrr 
ol thr pijH's. It we 'sjxrifs the |M‘nmssil)le drop of presmiiv yx r 
1000 yards ol piping o! diffennt kimls. we may proceed at 
*»nee lo determine the diameter of pipi* ief|uin‘il to eonve\ 
the reijuisite volmiK' ot eompre^sed air. I'lu- lolIowm|.i allow 
ani'es iiKiv he nhule m the eases tif thtferent kinds (»t piping 


Mam slialt aini iin<l<TL,n<ninit pipes pet hmm) vanis . \ 11*. 

Branch pip<“ . . . . . . .<•!). 

Small pipes . . . . . . p> ll> 

Host* pipes ........ (H> til 


Utilization of Compressed Air. ('ompl(“^sl‘d aii may hi* u.sed 
direct to rai.se water Iroin wells or shafts without the use ol a 
in.uhine, 01 it ma\' )»e used to .letuale puiujis, htiiila^e* 
cou\ eyors, and coal cut ters, thiough the luetlium ol aii turbines 
or ret ipiocatint; eui^iues. 

In ('ontmed sp,i('es the air turliine may advanta^^cously ht‘ 
usetl to drive maehiiies ot comjKiratively small jiower.s, but 
for lusher powers the reciprocating engim* may he prcfernxl. 

Air Turbine. Some manufaetnrers of eoal-cutting machines 
havt* standardi/.ed the air turbine as tlie means of driving 
(‘oal'Cutters wditTe compn‘ssed air is ii.si‘d to transmit jMiwei. 
Fig. ur givt s tw'o diagrammatic vit*\vs of the rotors of the aii 
turbine used by Mavor and Fonlson, Ltd., for driving tin* 
coal-cutters made by them. The turbine consists of two rotors, 
upon the cylimirical surfact‘s of w'hit li double-lu lical teeth 
liave been formed, and the rotors in mesh an* housed in twin 
cylinders, so that the lin(*s of contact belwa^en t*ngaging teeth 
form air-tight joints separating the np|XT from the* lower sides 
of the rotors. The efticiemy of tlie turbine is maintainerl by 
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making th<* cli.nm ltT of tlu‘ rotors a running fit within the 
cylinders. The r<;tors are mounted on .shafts which nin on 
ball bearings contained in the bearing heads of the casing. 
The directions of rotation are shown by the arrows in the 
sectional diagram, and they are not reversible, hence it is 
necessary to providi* rt'versing gears, which may be made to 
engage with either of the rotor shafts as required. 

Action of the Air Turbine. The air is admitted to the 
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rotors tlirough ports in the underside of the easing, and as the 
expansion cIuiiuImts formed between engaging teeth pass th(‘ 
air ports air is iidmitteil to them, and when the chambers have 
passt'd the ports the air supply is cut off. At the ])ositii)n ol 
tlu' tt'i‘th shown in tlie illustration tht‘ pressure air is being 
admit ti‘<l to tlu spact* .1 in which it is uiq)risoned Ixdwt en 
the w«ill ol the A Under and a tUoth of the other rotor. The 
]>ressiire ol the air contined in this space forces the teeth apart 
and so li‘nds to cause the rotors to turn on their shafts. The 
cumulative etiect of expanding air in several compartments is 
to caust' the revolution of the rotors. The exhaust jx^rts are 
shown m‘ar the toj) of tiie sides of the housing, therefore it 
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wtII ho unclofstcxul that wh<-n*a> tho Uvih in tho h^wor ]M)rtion 
ol iho oylintior.s aro nmU'r tlir aotioii n| aii tho tooth 

in tlu‘ uj)jH*r jxjrtion of tho ovlindor aro nmlor atiiiosphorio 
})rossuro. 

In usiiif* air tiirl)iiH*s it is nooovsiiry to onsuro tlu* pn>|>or 
lubrication of th<* rotors, and it is always dt‘sirablo tliat the 
air us<‘d should 1 k‘ dry. If siniilo-stai^o coinpn*ssion is tisotl 
and no air-driirs aro instalUnl it is unlikely that air tiirhinos 
will ojHTato satisfactorily, but it stops are taken to dry tho air 
thoroughly boforo uso the othcioncy <»t tlio tur turl>ino will bo 
maintained. 

Rock Drill. ijj shows tho lorm of tho Holman rov k 
drill, whi<'h w.is oii^inally designed for u.so on tho Hand Ki'- 
lorriufj; to tho tmiro it will ho soon that tho piston and piston- 
nni aro in ono ]»ioc(‘, and that proMMon is made h>r iittachinf; 
tho drill to tho i nd ot tin* piston-rod, and th(‘ hollow piston is 
d(*signcd to shdo alon^ a liflod bar which is attaciad to tho 
r.itchot whool pivoted in tho luad of th(‘ cylindtT. W'hon an 
is admitted to tho rif^ht-hand side ot tho piston tho latter is 
projoctod to tin* loft and tho rilled bar is fn^- to rolat<‘ while tho 
strokt* is in.ido, hut wIuti tho stroke h.is l)t‘on (’oniploti*d and 
air IS admitted to the annular surhico of tho ]>iston tho ]>iston 
moves towards tho right. Since tho ratolad whool is prevented 
from rotating by a pawl hingotl in the cylinder he ad tho rifled 
bar is also pp vontod from tuniing, and tla roforo during tho 
backward stroki‘ tho piston is oaiisod to make a partial turn 
on tho bar as axis. This ac tion is designed to ensure tho 
drilling of a circular hole in which the* drill is uidikt'ly to stick. 
Having regard to tlu‘ inequality c»l the areas of tho piston 
ends it will bo roadilv understood that tho bac kward stroke of 
the* piston IS ettected by a smallcT total air pressure than tho 
forw^ard or drilling stroke. As tho rock is out away the* machine 
is hd forward by tuniing by hand the srn*w u[K>n which it is 
mounted. The whoit* is mounted on a standard or tri|K)d as 
re*quirod. 

Two diltt‘re‘nt forms of valve an* used, ono for steam and 
the other for air. 




< oMrRi SSI n-MK n \\i 


Ball Tappet-valve Drill. Ihw <liill m s< mhl, s th tt tU m h!>< »! 

in<'<r\ It MH ( t i \i q>i tlut ilu l«Hin tiul \ tl\t 

In < iHinm I lu bill t i|>|H i \ahi shown in 1 uitonsists 
oi two li »i(l i nu ibK n(m 1 balls i joi kt i liuktipin 4 in(l\il\t 
I hi till in shows tint stt mi isdittiins tin b o k in<l o! llu 
(\hnilii to pioilud tlu loiw ntl stioki i»t tin ]»istun iinl tt 
will bt undiistood tint wlnn tlu jusion Ins moMtl tiitlui 





I I 1 \i I t \ I I I I \ \t \ i I h |i I 

to tin 1< tt tilt b dl oil tlu ii^ln will b( liitt 1 in I tli it on tlu 
u It illow< d to till into tlu i i \ it\ in tlu } ist» n In tins w i\ 
tlu \ d\( 1 " tin own to tlu hit to illow tlu li\ < t« on to t nh t 
tlu l(w«i mill tlu < \ hnd< I llm> juojn llin^ tlu |»isi«)n on 
tlu Ktnin stroki llu to< kt i ti oisniits tlu nudion oi tli 
1) ills to tlu st( nil \ il\< S|M < nl h itnn s ot tlu b ill t ipjw t 
\ il\< n< tlu ibsuu i ot |u iiid tlu snn|»luit\ ol utiont*! iht 
nu i li inisin 

Hose Pipes and Hose Couplings llu pijx b\ wlndi i poit 
ibl( in n liim is (oniuitid to tlu souki ol snppb ol <<iin 
pitsstd ill for sii nn) iiuisl ol lu n ssit\ bi lit \il)li 

Stu h })i}u s ir< niidi ol nibiu i w ith i old innlon ( nu ni ind 
tlu \ nt ioniu(t<db\ nu t illu ( ouplin^s of vmu lorin I 
i 24 showstlu (jiiiliMT hosi < ouplnit; ]»io<hui d b\ M n hiiu 
SiiMiis \\ iL, in llu (onpling is i sijnpli h\ti joint 
inadt b\ ])n ssin^^ 4 I sju^ot into a n n sm r| Inuct in whuli 
a thick rubbt r rm^ is h\id llu faiutt p«irt (.irrus two rams 
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j)iv()t(‘(l on p.'iirs of links, and th(‘ s])igot has two lugs in rorre- 
sjKuiding positions, into which the jwnnts of tlu* cams tit. When 
th(i spigot is ins(*rt(‘d into the faucet, one cam is pressed into 
j)osition with th(* lingers and the other cam is pulled over as 
far as [possible with the other hand, then the toggle bar is 





iiis<Tted in tlu* lioK* in the latter, which is prised inwards until 
it passes over the centre and falls against tht‘ spigot part. 

In disconnecting tlu‘ joint the toggle bar is used to prise 
back om‘ of the cams, and the other is removed by hand. This 
form of joint has the advantage of being easily and quickly 
made, and it catmot be otherw’ise than cornctly made, thus 
pn‘V('nting leakage of air from the joint. 


RHFERKNCK BOOKS 

Ttirho-lUotvns and Contpressot^, by W. J. Kearton. 
Compressed Jtr Power, by A. W. and Z. W. Daw. 
Compressed .-to Pratttce in Minim;, l)v Dr D. I*t‘ninan 
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*^o»npre^%ed 4 tr Plant for Mtne^ h\ Piof l\ili 
It(in<:mts'>ton of Power In Hums ami K» n 
Ihilh ana JJrtUtHg, by Bums and nur 
Compfessed 4 if In tin Vuthoi u\ Mtnmt, Ida* tt t 

mri Ks 

In the TraHMacttOH of tht In tttuium of Mimns: J ttjgfneets 

‘The Production and I ransmissK>n ol t iJtnprtssid \u in Mints * 
b\ Mr J ] IVin^lc vtij 1\ pay’t i 4 f> 

" Notts on Coinprtsstd Vir In Mr !> \l turui Hiigj;s \ol Ui\ 
page S5 

High spiked \n coinpicssors tm Mimnt, Wtnk In Mr | M 
Walshe. \ol Ixi papi 2 

“ Compre*tstd Air for < o il t nttt rs bv Mr Sani Mixoi \ol i pij^t 
625 

Collicrv Loiisumption and Mnhiin I (ttiioniv it in I ppt i m : 

( oUicr> b\ Dr KarlS<hult/t \t»l vl\ii pa)ijt S'** 

Tht Pconoinuvl ITotlnttion tiul I tili/itionol Ptat i it l till tins 
b> Mr 1 1 Mairtt \ol In pagt 71 

'The Crtmiation ind I st ot (ompitsstd \ir ftir Minmj b\ Mt 
t» \N dkcr vol \li\ pagt <».o 

I he Mtttrmg of ( oniprtssttl Vtr In Mi ) I llodg 1 m>I )\ 
page 271. 

I hi ProdiK tion iiid I r insiuission of (oupitsstd i b\ Mi 
I 1 Ih-inglt \ )1 l\ p igt I p) 

I \l 1 <( IS! <>l I si I(>\s 

I Dtsciilu till nil( t ami intUt \,il\ts iml st its of tin an 
ivlirtlti ol aii\ ino(h III t oinj o sMir Dlustratt \oui insutis 
l)> siniplt sktlehis is/ ( la / \am MaN 1*117 ) 

\n an comjnt ssor has oin sttani tvlimltr aiul out an 
tvhiultr t at h 20 in in tiuitiulti an ingtc) in tandt ni (stnikt 
4*^ in ) 1 In sttam jinssuu is So ll> pi 1 <] in llu p<»mt of 

tut off in llu stt nil t \ limit r is it j stiokt llu sttam is ntd 
londtnsttl Draw an induatoi diagiam sm h .is might 1 h t.ikt n 
fitmi till front ind of llu sttam t\ limit 1 ami .inotiu 1 om sm h is 
might bt taken from tht front t ml *d llu an t\ limit r M ikt tlu 
diagrams approxinnitelv t(t istalt ol i in to p) lb pt i s«| in 

(Is/ ( /ass / \enn Ntn ) 

\ Discribt tlu pnrptist and ustfulmss of m inlt r< otilt i loi 
a compressor that his tompound air <n limit rs I )i st nbt aUti 
the geiural ctmstriietion .iiid tlu iiu thtjd of utirking of in iiilt i 
cooler (J / f /rts / Ma\ i<i2t> ) 

4 Dran up an tiiilhm sju < ifit ation of an 1 1 onomu d sttam 
tln\en comprtsst d air pi lilt totoinpnss lUnil jotu* t u ft p< i 
min of fne air to a prtssurt t>f So lb |Hr stj m foi a (ollur> 
where the shaft is 250 \d tltep iiithulmg all llu plant anti 
accessories wanted for tit h\t ring the ctimpiisstd air to tlu shaft 
bottom (lA/ f /ass / xam , Mav, ioi<> ) 
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5. The exhaust j)4»rts and passages of plant driven 1 )V com- 
pp'HSfd air sonietinivs gvt blocked by iet*. How do you explain 
the pn*s<‘nct* and formation of this ice, and wliat steps can lx* 
taken to avoid g(‘tting the |)oiis and passages choked ? 

(lud Class hxam.. May, 1916.) 

6. A certain volume of air at a temperatiin* of 53° F. is allowetl 
to ('xpand to tliree times its initial volume, ('alculate tin* tem- 
peralnre of the compress<*(l air. 

7. Draw the compression curve given l)v the law C. 

H. ('a)iulate tlu* horse-power rei|uired to compress 300 cu. ft. 

r»f air jH.‘r mm. from 13 to 100 lb. per stj. in. absolute when ('om- 
pression conforms to the law 

o. The clearanci* in a 10 in. diameter cylindt'r having a stroke 
nl I ) in. IS found to be 27 cu. in. hind tlu‘ volumetric ethcit‘ncy 
when compressing air from 13 to io<) lb. per stp in. absoliiti*. 

10. Draw a sectioiuil sketch of an air comprt ssor and describe 
lie* opepition ol compressing, noting the method of cooling tlu* 
air. the lorm and action of the valves, and tlu* nu‘th<)d of unloading 
the ('oin|)ressor. 

11. Make a iliagrammatic sketch de.scribing thi* action of a 
two-stage compressor. What is tlu* reason for “ intercooling '* t 
hind the approximate powt*r n*<iuired to compn ss up to ()oo lb. 
per sij, in. 20,000 cu. ft. of free air hour. 

12. \ two-stag<* air compressor discharges 303 cu. b. of free 
air per inin and i lb. of water for e\'er\' lo cu. ft. of free air is 
circulated througli the intercoolt*r I he tein])erature of the 
inlet water is .\\' I*., and that of the winter leaving the eoolt*r is 

l\ ( alculate the amount <»f heal abstracU'd from the air 
per min., and state its mechanical t*tiui valent. 

13. It is proposisl to compress air in two stages fnnn r.p7 lb 

100 lb. per s(j. in. absolute, ( alculate the pressure at the end 

of the first stage, so that the total work may Ik* a minimum, and 
the work done per pouiul of air, assuming that the expoTU‘nt of 
the cuivi* i>f compr(*s.sion is 1*2. 

1^. State the t*ssential principle of the operation of the turbo 
coinpre.ssitin, and descrilH* the .means taken to <k*v<*lop air power 
in close agreeiTU'iit with the isothermal law. 

13. Describe an afr hammer drill as used for Uiring holes in 
shah* or rock. In particular say how the piston is causeil to 
reciprocate aiul how the drill is caused lo ri*\'olve. 

( 15 ^ C lass Exam., May, tiji? ) 

i(>. In applying compressed air for use underground, what 
antingomeuts would you suggest to get the lx‘st results and 
etticiency at various t>oints of use up to 2000 yd. from the shaft 
Ixittom ? (15/ C lass Exam., Nov'., 1020.) 
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17 State the iirtuinsianit'^ in whah \i>u wouM ust an 
conipresj>or, and givt reasi)u*% ttir the inlrenin nt us* o< itmipressaMN 
in the \^orkings of loal mines 

Sho>\ bt one or moie hand sketches a liK»se Hange joiiu tor 
nnUi steel pipes atxiiit 4 in in <liaineter ( fi\e all useful dimensions 

(2n</ C/<is> I law . Ma\, ) 

10 Descnl>e with the aid of a sketch a loose flange joint foi 
pijies ('kIx for compressed air) that will allow a slight change in the 
direction of the axis and remain tight 

(iw/ Cla^s I tarn Max lot^ ) 

20 Vn air receixer is about ^ ft in diainetei and (» ft long Makt 

a hand sketch of the receixer shoxxnig inlet and outlet branches 
toi the an Imiitate also the fittings and immiUings that xt>u 
would haxe {ini Cities Lxant Max lot*) \ 

21 (iixe d description of an engine 01 geai suitable loi a main 
and tail ropt haulage sxsteni drixcn bx tompresscsl air l>estiilk» 
tile (ontiols and gict ka<iing dimensions 

(2«</ ( / xaiH Max '' 

22 Non haxe to lax a line of t m mild sUs?! pijHs woli |«H)st 

flanges from a tee in a 6 in mam along a lex cl course loatl with 
liends in it to a defimte fknnt Detail the tools aixl stoies x<»u aie 
likelx to w.int this xxork (2w/ ( /ass / \ani Nox I 
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CHAPTER X 

STRENGTH OF MATERIALS 


The materials used in mining structures may be fractured by 
tensile, compressive, shearing, or torsional stresses. When 
a body is subjected to forces which tend to pull asunder the 
particles of the body, the stress is tensile, but if the forces are 
directed in opposition to each other the stress is one of com- 
pression. If the forces act in opposite directions and in 
adjacent parallel planes the material is subjected to shear 
stress, and if the body is twisted the stress is torsional. The 
materials used in making a structure will depend on the 
forces acting on the structure, and as the several parts of 
a structure may be subjected to different stresses, there may 
b(‘ different materials usc‘d in the structure according to their 
ability to withstand the disruptive forces to which they are 
subjected. We shall deal with a few simple structures such as 
are used in mining work. 

Strength of a Rod. Let a rod have a cross-sectional area 
of A square inches, and let it be subjected to a tensile stress 
of F lb., then since the force tending to fracture the rod equals 
the force fesisting fracture we have F = where S| — 
tensile strength of the material in lb. per square inch. If 
the load is a stationary one the safe stress /, may be taken 


as 


6 ' 


but if the load is a fluctuating one, or is live, the value 


of /< might need to be — . If a rod is subjected to an in- 
12 

stantaneous stress the stress per unit of cross-sectional area 
is twice^ that due to the same load applied gradually. Rods 
are sometimes used to suspend pumps in sinking pits, and 
these arc formed so that no horizontal section of the rod, or 


‘ See Sttength of ^fa^erials, by Prof. Morlcy, p, 65. 
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vertit al vYtiou <if t!u* IhiIis b\ uhirli t|u‘V aro joimnU will l>e 
of lesi> strt*nj»th than tlu* Uxly of ttu‘ rml itself. 

Referring to Fig. 125 which shows a uxi joined to a |XWtion 
of another one hy t\%o Ixdts and tw'o fish-plates, it will be seen 
that tlie stress applud to the l>olts is a shearing stress, and 
that there are two planes of shear, therefor** if the I(»ad F is 
applifxl to the lod, tlu* shearing stiess 
applied to each stctioii of the l)olt will 
F 

Ih‘ riu foice lesisting the sheaiing 

force Is given by .s,J, but the safe 

stiess mav either W taken as <»r-~ 

() u 

S^. accoidiiig to \\ hither the load is 
statical 0! lluctuatiiig. 

Example 56. A pinup ii»hing is tons 
IS to be suspeiuled fioin ,i lH‘ani (»n the 
surface l^y means of >Moughl iron lods of 
circular section ('alculate the dianutei 
oi the rods and lH)lts, and the si/e of the 
hbli-plates Sf - 30,000 Ih pet sq in. 


dKS, 


Solution. 2240/* 


diameter of the rods d 


, therefoie thr 
20/* 



/i07,52j^*' ^ / io7,s- 

V V.VM'- 


S 20 V 15 
50,<KK) 


= 3*2 in, Ihe load is taken to lx* live. 

In detei mining tlu* diameter of the Inilts the load on each 

section of shear is , and the shearing stress of tlu* mt*tal is taken 

as l)eing equal to its stieiigth m compression, le 40,ofK) lb per 

F S,/i Sg y Tzd* 40,oooTfrf* 

sq. in , thus - - ' — ^ 

. r , 4S 


1 2 

l 5 X 2240 
2 

and d 


40,<x>o X VI4^* 


48 


I 4H y 1$ X 
y 2 X 40,000 


2240 

x“3*i4 


2*53 in. 
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If a horizontal section be taken through the bolt-hole of the 
fish-plate and the greater dimension of the section of the hsh-plate 
js taken to be 5 in., then the effective section will be y2x, where ;r 
IS the thickness of the fish-plate in inches. 

F 

Now 12 — X 2240 = yzx X 22 X 2240 
2 


12 X 


15 


3 *2A X 22 

12 X 15 
2 X 3*2 X 22 


180 

140*8 


1*3 in. 


Elasticity and Hooke's Law. A perfectly elastic body is 
one from which all sign of strain would vanish on the removal 
of the stress. Some bodies recover quickly and some very 
slowly, but the return to the unstrained condition may be 
hastened by heat treatment and annealing. Cage chains lose 
their resilience (power of recovery) and have to be annealed 
by heating to a cherry red in the forge fire and allowing to 
cool slowly, or they may be treated in an annealing stove 
such as is used in foundry practice for annealing castings. 

Steel becomes hard when overstrained, and the ultimate 
tensile strength is increased by overstraining. A body is said 
to be overstrained when it has been loaded beyond the point 
at which “ stress is proportional to strain,” as defined by 
Hooke's law, and the point at which the proportion no longer 
holds is called the yield-point. If a load of P lb. be applied 
to a specimen of length L in. and cross-section A square inches 
and the extension ^ in. in the length of the specimen is noted, 

P e 

it will be found that the relation of -7, the unital stress, to — , 

A L 


the imital strain, is a linear one. The graph of stress and 
strain is a straight line up to the yield-point, and the quotient 
P e 

of -j by y is the modulus of elasticity of the material in the 
A JLt 


specimen, thus — 

Young's modulus of elasticity 


E « 


— 

eA 
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la testiug a specimen of steel 8 in* long and 0*38 in. diameter^ 
a load of 932 lb pioduced an extension of 0*00x74 inch* 
therefore- - 

Young’s modulus of elasticity =s-- E — — 

0 00174 X 0-38* X314 

« 37*8 X xo«. 

From this it will be understood that the material of a 
structure may bt chosen to limit the extension 01 elongation 
under the maximum load, and it is by the experimental 
method of study suggested here that the student will make 
the greatest progress in acquiring knowledge of the various 
properties of materials used in constructional work. 

Strength of Chains. Chains have many uses alxuit collieiier. 
Heavy cable chains are used to suspend pumps, and short 
or ofHm-link chains are used in haulage* and winding and in 
various other ways. Such chains aie usually in idc of iron 
which has been puddled to remove impurities so that it will 
be capable of siandiiig re])eated heat ings and hammering with- 
out deterioration. Lowmoor and Best Yorkshire still describe 
the best brands of iron for the manufacture of cliains. 

A cable chain is distinguished from an opt*n>link chain 
by the stud placed across the middle of the links to act as 
a strut, tlius preventing the collapse of the sides of the links 
due to tensile stress. The links of the cable chain are stronger 
than those of the ordinary form of chain, the diameter of the 
rod used in making the chains being the same in each case 
The relative strengths are in tlie ratio of 2 to V2, as deter- 
mined by destructive tests. 

Let d be the diameter in inches of the iron rod used in 
making chains, and S, the tensile strength of the material 
in tons per square inch, tlien the breaking weight of a cable 

chain* IF, = 2 — 1*57 but the breaking stress 

for a short-link chain* IF, = 1*57 if*S| x — =• i*ii i*S|. 

2 

I _ 1 _ 

The safe stress may be - S, to — 5|. 

8 10 
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Example 57. Calculate the diameter of rod iised in making 
a cable chain capable of suspending a load of 10 tons with a 
factor of safety of 8. Assume = 22 tons per sq. in. 


Solution. TKf = 8 X 10 = X 22 


V 8 X 10 
1*57 X 22 ““ 


1*54 in. 


Example 58. A cage containing loaded tubs lias a total 
weight of 12 tons and it is raised by four chains which are inclined 
at an angle of 30® to the vertical, ( alculatc the size of the chains 
so that the factor of safety is 10. 

Each chain will have to take a quarter of the load, that is 
3 tons, but as the chains are inclined to the vertical at 30° as they 
pass from the top of the cage to the />-link, or swivel plate, the 

2 

oad on the chains will really be 3 secant 30° == 3 X --7- = 3*5 tons. 

V3 

Since the factor of safety is to, the breaking stress will be 35 tons, 
tlierefore — 

= 35 — i X 22, and 


y I*II X 22 


♦ 

1*2 in. 


Handy Rule of Short-link Chains. A rule that is much 
used by engineers is that the breaking stress equals one-tenth 
of the square of tlie diameter in sixteenths of an inch. Calcu- 
lated in this way the cage chains in the preceding example 
would be i r= Vio X 35 = 187 sixteenths of an inch. 

Weight of Short-link Chains. Having regard to the fact that 
the length of short links is five times the diameter of the 
rod, the weight of each link and the number of links per 
fathom could be determined, from which it would be possible 
to formulate a rule for calculating the weight in pounds per 
fathom of such chains. A handy rule is ; weight in pounds per 
fathom = o*2li*, ,where d is the diameter of the rod in 
sixteenths of an inch. 

Strength and Weight of Hemp Ropes. 

Breaking stress in tons = 0*2 to o-bC* 

Weight in lb. per fathom = C* -i- 4 
where C is the circumference of the rope in inches. 
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Wire Ropes. Wiie rojK?s such as arc ordinarily used in 
this coiintry are round, but there are still to be found in use at 
some coUieiies <teel wire Hat rojvs. llie steel used in the 
manufacture of wire iopi\s varies in quality, and is described 
as Bessemer steel, ('nicible stetd. or Plough steel, but the 
fact of the matter is tliat lojx* makers stock ropes of different 
sizes in thiee to five giades of steel and guide ro|H‘S for vertical 
shafts are soiiielunos made of Swedish i)r Yoikshire iion. 
The wires iistMi in rojH -making ate subjected to tests foi 
strength and ductilit\ I here are three tests of iinpoitance ; 
the elongation test, the toision test, and the Hexion test 
The strength and ductility of the inatt^ial de|>t‘iuls on the 
chemical conqKeituui and tlte piocess of manufactuie. 

Elongation Test. Hns test mav U* carried out in a testing 
machine so lliat tlie stiess-sHam giaph might h' drawn to 
sliow th(* relation (»f stii^ss to strain to enable tire modulus 
of elasticity and elastic limit to In* dtdeiinined, and to enable 
the ultimate or buaking strength to W found. Mucli ustTul 
work of this kind ma\’ be done by sus)x*iuling two wires from 
rigid .supports, one having a scale of inrht*s attached to it, the 
other the win* to be tested having a vernier clamjH^d to 
rt so that the extension of the wire Ixdng t<*sted may Ih‘ 
ob.served in relation to the scale attached to the index wire. 
The effects of heat treatm<*nt of overstrained iron or steel ma> 
be ascertained if s|XTimens of either material are tested when 
normalized, annealed, tempered, and hardened. 

Torsion Test. In this test a l<*ngtli of loo diameters of wire 
is taken, and wdien one end has been fixed in a vice the other 
end is gripped by a fixture on the end of a shaft that may 
be rotated until the wire shears off. It is found tliat the 
number of turns varies with the breaking stress of the material, 
the former decreasing as the latter incrca,ses, as shown by the 
figures printed on the next page. Table IV. 

Flexion Test. To ascertain the resistance of material to 
bending stress the flexion test is used. A length of wire is 
gripped in the vice of a testing machine, the Jaws of which 
are formed by hard steel rollers having a radius of 5 mm. 
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A hand lever is used to grip the other end of the wire and bend 
it firmly through an angle of go® in one direction and then 
90® in the opposite direction. The number of such bends 
required to break otf the wire is used as a measure of the 
ductility of the material. All these tests are capable of being 
carried out with simple devices to be found in most colliery 
workshops. 

TABLJC IV 


breaking stiess in tension in tons 
per sq in . 


M5 

los 

113 


Number of tin ns hu bright steel 






wire .... 

V' 


U 


3‘i 

Number of turns lor galvani/ed 






wire . 



^5 

*7 

1 2 


Flat Ropes. Flat ropt's are made* by stitching togethei 
several strands of wire each of which is formed of four reddies 
consisting of seven wires laid on a hemp core. Some idea of 
the strength of these roix^s may be gained by referring to 
Table V which gives the width and thickness of the lope 
along with its weiglit in pounds ix'r fathom and the breaking 
stress in tons. 

TABI.F v 


Construction (*'4/7 


Widtli 

Thickness 

j Weight 

1 Hieaking Stress 

1 



i 

Patent Steel | 

1 

Plough Steel 


1 

(>*48 

17-76/15 10 

2 1 -02/18-63 

2 


<)i8 

24-99/21-25 

30-87/26-25 


A 

1 

14-94 

40-6o/'J4-5I 

50-15/42-64 

3 

- 20-34 

55 - 54 / 47 --' 

68-01 58-32 

3i 



7 b-i 5 / 04-74 

<14-o6/79-96 

4 

ki 

3504 

<) 8 - 07 /a 4-37 

121-15/102-08 

4 l 

I 

48-24 

151-58/111-84 , 

2^2-54/138-17 


These ropes are extensively used on the Continent and it 
may be supposed that the following obvious advantages have 
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had iiOiue Ik-arini* t>n tht* Nt^leotion of Hal iojh*s, in prefeivnc*; 
10 round rojn^v. naiiu-l\ : (i) They do not twist, (i) The 
icel is lighter tlian any dium that might In* ilsikI, and conse* 
quently starting tor<jue is Uss (3) Coil friction is reduced 
and there is ni» weai tlue Xu 4>n the drum or approaching 

the pulley on the lu^adgt^ai. (4' The elective iliameter of 
tlu' reels varies invi isely as the lioisting proceeds in winding, 
and tluTefoie the danger troni negative load does not arise. 
(5) Owing to the lightness of the reel and the autod>alance of 
load tdtoits, tlu‘ winding engiiu- need not Ik* so }>uweiful as 
wlu n lieavy diums aie used. The coiuj>aiat!vely high cost of 
tiat ro[H‘s is a disadvantage. 

Kefeiring to the la.st two columns of Table \\ it should l)e 
ob.served that the figuies givt‘n tnst are those ohtaiiusl l)y 
multiplying the .itn ngth of each wire by the imml)ei )f wiies. 
aiul the accompanying figures aie thoM' determined bv actual 
test, thus showing that the ai tual Ineaking stiess of a rojx* is 
U*ss than the tlu^oietical strength. The same lemaik applies 
to lound 

Round Ropes. Houml ro]>es are designed in varying degiees 
of flexibility and of diffeieiit cjualities of steel. In mining 
w'c re<iiiire highly flexible st<M l io|X‘s far < oal-cnltt'is, but 
haulage ropts need not be <|uit<* so flexible l)e( au.v* the pulleys 
round which they ]>as.s are usually of larger diameter, and 
since winding rojX'S an* coiled on large drums and pass roimd 
headgear pulleys of similar diameter these rojx\s may be stil 
less flexible. 'I Ik* lopes used as guides in Iht* .shaft need not 
l)e flexible to a great extent and consequently the constituent 
wires are of larger cross-section than either haulage or winding 
ropes. Theie has l)eeii steady development in the art of rope 
manufacture, and much attention is givt‘n to the design of 
ropes with the view’ of increasing strength p'r unit of cross- 
section and prest*nting the maximum wearing surface so that 
the life of rop*s may be prolonged. The efforts have given 
rise to the use of different methods of forming and laying the 
wires and strands in rop s. 

Ordinary Lay Rope. Fig. 126 (a) shows a rope in which 
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the wires are laid to the left in forming the strands and the 
strands are laid to the right in forming the rope. This results 
in certain wires standing out prominently on the crown of 



I ir. 126 (a) Ordinary Lay Kopf 
(h) I.ANc/s Lay Rope 




'Fig 127. Locked-coil Ropi* 

the strands, and as these wires take a large amount of wear 
they soon break. In forming the rope the strands may be 
laid on a core of hemp or a strand of wire. 

Lang’s Lay Rope. Fig. 126 (6) shows that the lay of the 
wires in the strands is in the same direction as the lay of the 
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strands in the rope*, and the n^ult of iliat c<instruction is that 
not oiJy is the wt-aring surface increasetl but the interna 
strain is diniinishetl, tlu'it fore sueli a lojx* wt ars much belter 
than an ordinary lay ro|)e of the same material. Rarely are 
broken wiies s<^en. 

Locked Coil Ropes. Ihe iukhI for a non>spinning ro]yc in 
wimling an<l in sinkini' o|vtations suggestinl the spinning 



of a ro[H' in which alternate layers of wire aie laid in opj)osite 
directions, and tht‘ desire to furtliei inci easing the wc*aiing 
surface of ropes led to construction of locked-roil iojk s. As SiH‘n 
in Fig. 127, la3’crs of wire aie formed round a central strand 
and the outer surface is just like that of a rod of iron. The 
rope does not spin and it presrmts a maximum wearing .surface. 

Flattened-strand Ropes. IIm* wires forming the strands 
of these ropes are spun round a c(*ntral wire of oval or trian- 
gular section with the object of presenting a smooth surface 
having good wearing qualities. Fig. 128 shows that the rope 
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is made by laying six strands, having an aggregate number 
of twenty-five wires, on a core of hemp by which the interior 
wires are lubricated. Since the flattened strand rope can be 
spliced it may be applied to haulage work, for there is no 
restriction to the splicing of a haulage rope as there is with 
respect to winding ropes. 

Guides and “ Rubl^ '' Rqpes. The guide ropes used for 
guiding the ascent and descent of cages in vertical shafts are 
placed at the sides of tiie cages and near to the ends. In 
addition to those guide ropes othei rubber ropes are 
placed between the cages, but not attached to tlumi, so that 
the cages may be prevented from colliding. These ropes 
may consist of six half-inch diameter iron wires laid round a 
central wire of the same diameter, or the* locked-coil con- 
struction may be used willi a smaller number of wires of larger 
cross-.section. 

Strength of Wire Ropes. The theoretical ultimate strength 
of a wire rope may be taken as the sum of the strengths of the 
constituent wires, whatever their form or the manner in which 
they are laid to form the rop(\ Taking a simple case in which 
tliere are N wires in a rope, each wire having a diameter of 
i in., and the ultimate strength of the material being 5| tons 
per square inch, the theoretical breaking stress of the rope is 
given by— ^ 

Breaking stress = and 

4 

N-d*S, 

A 

The .safe working load — — ~ — 

where F is the factor of safety. Now if the safe working load 
consists of a loaded cage weighing W tons and a winding 
rope of length D fathoms and a weight of W lb. per fathom, 
it is easy to see that - 

/r = — 1 

W + wD 

2240 
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Examjile S9- A wir^e rope 1 m. diameteit weighiug to Ih. pet 
fathom, has six strands of seven (vires each, the wires being 
o* 1 1 2 in . diameter. The steel in the wires has an ultimate strength 
of 90 tons per sq. in WTiat is the factor of safety when a cage 
weighing 5 tons gross ts being raised from a shaft 150 fathoms 
deep ^ 


Solution. 


Factor of safety 


O 7 X 0*7854 X 0 -lli*X 90 
10 X 150 


5JI 


5 ♦ 


2240 


I he number 0*0 la not the ical factor ot, safety for no account 
lias been taken of the induence of the structure of the roj:>e on its 
.strength, or the fact that the load in practice w dynamic instead 
of static, and consequently there are accelerating i*nd frictional 
forces which have an imjKiTlant lieaniig on the margin of safety 


Sizt and Weight of Wire Ropes. Kxannndtum and analysis 
of the giaphs obtaint il duiiiif* dcstiuctive tests of wire rojx^s 
enable certain handy' i ales to Ih‘ iormnlated for finding the 
size and weight of iojh.*s It is found that tht‘ hi caking 
stiess is coniv cti*<l in a simple way to the eircumfeience of 
the rope and (\in be e.\pusM‘d as /i, -- where is the 
lueaking stiess in tons and C is the circumfeicno* of the 
lofK' in indies, K In iiig a imdtipliei whidi depends on the 
torin of the rope and the material of w'hirh it is made. Foi 
01 dinar}' ropes the value of K varies fiom j-q to 5*3, the lowei 
value being iLsed wlien tlie steel has an ultimate strength of 
80 to 90 Ions JKT square inch, Jind the higher one whim the 
steel has an ultimate strength of 120 tons jkt square inch. 
The value of K for locked-cuil ro})es vaiies .similaily from 
4*7 to 6-6 for the same range of tensile strengths. 

Tlie weight of ropt*s of ordinar}’ constmetion in pounds jh-i 
fathom is expressed with sufficient accuracy by o) ■ > T*, but 
in the case of locked-coil rojx's cu ~ i‘5r*. 

Length of Rope that would Break by its own Weight 
Obviously, the length of a rope that would break by its own 
weight depends on the qualit}' of the steel in the rope and on 
the form of the rope, but for the purpose of this inquiry the 
case of a patent .steel rop>e may be considered. Let D be the 
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length of the rope in fathoms ; W, the total weight in pounds 
(=-= 1)C^), and li, {--- KC-) the breaking stress of the rope in 
tons, then — 

1 ) 2 
2240 

and D = 2240/C = 2240 x 4 == 8960 fathoms. 

For grt'ater valu(‘s of K the limiting length of rope will l>e 
correspondingly increased. Now if the factor of safety be 
taken as 10 the safe working load, consisting of the combined 
weights of ropt', cage, tubs, and coal, in winding must not 
exceed tlu' weight of 896 fathoms of the rope in use. 

Size of a Winding Rope. From the conclusion n ached in 
the preceding paragraj)h it follows that the circumfenmee of 
the I ope r(*<[uired to laise a given load from a C(‘rtain depth of 
shaft is f’iveii by the genenil formula — 

Load in U>. 

- depth of shaft in fathoms 



Example 60. A winding rope is to be used to raise a total 
load of 12 tons from a depth of 400 fathoms with a factor of 
safety of 10. 

Solution lA‘t K — 4 and F = 10 


- /-, 


12 X 2240 
2240 X 4 


= 7*3 


• 400 


Example 61. Calculate the circumference of a locked-coil 
rope to raise a load of 12 tons from a depth of 500 fathoms. 
Let K 6 and F = 10. 


Solution. It will serve a useful purpose to solve this problem 
by an alternative method involving two expressions of the safe 
working load, tEus — 


6C* 

TO 

o*6C'» 


Tx)ad in tons -h 


12 f 


1-5 X 5ooC* 


2240 


o*266C* — 12 
and C ~ 6*7 in. 


2240 
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Tapered Ropes. The gieater the depths from ^hich loads 
are raised the le^s does the piu}>ortion of load to weight of rope 
become but if tapered lopes were ustni the late at which the 
proportion vanes would bo dinunished *uid coiiM-^iuentlv foi 
a given depth the gnatti might tlie load laiwd At the 
cage-end of tlit ro]x tht unl\ sluss is that due to the load, 
but tlu strtss in tht n)]x at the drum is that due to the 
combmed wtiglits of tht load and tht io|k U Cj l>e the 
circumft icnct of tlu iu[h at tlu cage t lui ami Iht mtum- 
ference at tlu drum tnd tlu formei ma\ lx lound by tlie 
simple expression - 


lif K( I* in whic h ( I* H , 
and tlu latlti tan lx found iioin th< nunhlit d t \pi( ssion 


AT ,2 ^ 

I / 


or 




1 o<ul in ttuis 

l>\ 


- 1 oad in tiiiis 




J.240 


2240 


and snut tvti> turn exetpt that tontainiiu' IV ^ is known, 
that can b( found hi net tlu vahn of 


Example 62. ( %ilculale the dinuiiMons of a laptud patent 
steel rope to racst a load of 12 tons from a <U pth of 400 fathoms 
with a static fattoi of sa£cl\ of 10 


, /lo X 12 

Solution. Ciicunifcreiice at tht t.igi end ^ ^ ~ 

= 5 5 in , and W 1 « _ 50 lb f>er fathom. Substituting 

4 

this value foi ( * in the second equation wr have — 


4W. 

JO 


( 

4 W,\ 


z* J 

12 i 

2240 


/ W , 

1 15 f 

1 2 ~f 

2240 

V ^ 
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6000 40011^, 

o*4irj “ f - -j- — ^ 

2240 4480 

0-31 If', ~ 14*G8 

/. ^^2 == 47*5. and 6 'a = 0-7 in. 

( 30 -f* 47 * 5 \ 

_ — _ \ ^00 = 15,500 lb., 

but tUe woight of ordinary rope of tlie same grade of steel would be 

400 /r? '' ^-240 ^ ^ _ 2i,^)Oolb. 

400 


^ 8 q6 


Strength of Thin Cylinders. PipRs sucli as are ordinaiily 
used to convey wat(*t from pumps, 01 steam from boilers, are 
regarded as tliin cylinders, and consequently the rules that 
apply to such cylinders are used to determine the thickness 
of piiHjs P'or ecpiilibrium of forces the bursting pressurt* 
should be e(iual to the rt‘sistance of tin* metal to that pressure, 
til us — 

PI) =~ 2f X St, 

where P is the hydraulic or steam pit^ssure in pounds pei 
sqhaie inch ; /), the diameter of the pipe in inches ; /, the 
thickness of the pipe in inches, and the tensile strength of 
the material. If / is the safe stress in the material tin* equation 
takes the form— - 

PI) == 2// 

Example 63. Calculate the tliickness of a cast-iron 12 in. 
diameter pipe to withstand the pressure due to a head of 900 ft. 
of water, if the safe stress in the material is 2500 lb. per sq. in. 

Solution. 

1 hickness of pipe =» — r == — — 

2/ 2/ 2 X 2500 

= 0*94 in. 

Example 64. Calculate the thickness of a main mild-steel 
steam pipe 22 in. in diameter to convey steam at a pressure of 
160 lb. per square inch, if the safe stress is 10,000 lb. per square 
inch. 

160 X 22 

Solution. Tliickness of pipe = = 0*176 in. 

2 X 10,000 
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Weight of Pipes. In calculating the weight of |»ipes it is 
usual to regard the flanges to have a weight equal to that of 
I ft. of pipe. Let D be the external diameter of a pipe in 
inches, and d the internal diameter, then the volume of metal 

in I ft. of pipe == ^ 1 - 1 cub. ft. When 

144 144 

multiplied by d the density of the metal, the weight per foot 
of pip)e — 



144 


Example 65. A cast-iron pipe 12 in. diameter internally has 
a thickness of 1 in., anti the weight of i cub. It. of tl.<‘ inetaJ is 
452 lb. Calculate the weight of a pijic g ft. long. 

Solution. 

Weight of pi|X' = - ti*) (/ i) -r 144 

4 

07854 X 452 (14* - 12*) (9 -i I) -r 144 
~ 07854 >. 452 X 26 X 2 X 10 ^ 144 
^ 1281 lb. 

The expression may be .simplified by working out the constant 

value of — ^ — for iron and steel, and the form iK^cornes — 

4 X 144 

Weight of pijxj =* C'(D* - d*) (f + i) 
where C 2*45 for cast-iron and 2*64 for steel or Nought- 
iron. 

Strength of Thick Cylinder. Wlien the thickness of a 
cylinder is great compared wdth the internal radius, as it is 
in the case of a hydraulic main, in which the pressure may 
be very great, the thickness can be determined by means of 
the rule given in A pplied Mechanics by Perry. Wlien / is the 
safe stress in the metal ; p, the pressure in pounds per square 


ir~<T.54W) 
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inch ; R0, the outer radius, apd Rf the intemal radius, the 
formula is — '' 


f^P 


RJ‘ + R^ 

^ Ro*-Ri* 


Example 66, A cast-iron hydraulic main is to liave an internal 
radius of 2 in. and is to withstand a pressure of 1000 lb. per 
square inch. Find the thickness of the pipe if the safe stress is 
2500 lb. per square inch. 

+ 2* 

Solution, 2500 *= 1000 X ^ 


i ^ ooR * - 10,000 
1 50oi?,/ 
1^0 


^ 1000/f^* -h 4000 
= 14,000 
~ 3-06 in. 


Case-hardening. It is bometimes lequisite that cast-iion 
and wrought-iion articles should be hardened on the surface 
and a little beneath to enable them to withstand the wear of 
surfaci-s in lubbing contact. The most convenient method of 
hardening ib V>y the addition of carbon and then quickly 
quencliing Irom a suitable teniperatui(‘. In case-hardening, 
the carbon addition is effected by packing the articles in a box 
containing suitable .substances that are rich in carbon and 
nitiogen. The most commonly used substances are leathf t 
cuttings, horse-hoof parings, potassium ferro-cyanide, and 
bone charcoal. The box containing tin* articles and souice of 
carbon is placed in a furnace or stove whicli is raist‘d to cherr} - 
led heat (about 860° C ) and maintained at that tein|x*rature foi 
a [Hiriod varying from 12 to 24 horns according to the desiied 
degree of case-hardening. The box is tlien allowed to cool 
so thaUthe articles may be removed at a dull red heat, aftei 
which they are quenched by plunging them in cold water 
Those parts which must not bt* case-hardened are coveud 
with fireclay. W^en the carbon jxmet rates to the centre of* 
wrought-iron articles the wrought-iron is converted to steel. 
When cast-iron is poured into a cliilled mould the surfaces 
of the casting are hardened. Wheels are sometimes made in 
this way. 

Annealing. During the working of metals in forging thmi 
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into desired shapes the moleaiks are forced into tmnalnml 
positions and the metals become brittle, but if the metallic 
bodies are lieated and alkm-ed to cool they aic brought back 
to their normal state of plasticity The pioct^ss by which the 
property of plasticity is restored to metallic bodies is called 
annealing, and the ofXTatton ma}* bt* earned out in the 
smithy file, or it may take place in a spi^cial stove in which 
the tempt‘iaiuie can lx* legulated lioin a red heat to the 
cold rondition Such stoves are an esstuitial ^urt of ihe 
equipment of a foundiv or engineeiiug woiks. 

Tempering, lends us<‘d foi tutting .nul drilling lock or 
metal become blunted and luxe to In* shaqxned fiom tune to 
tune In nsloiing the cutting idgt to the piojH't shapt* the 
inctal must lx hdinineied, and in that puH'ess the metal 
loses some of its toughness The elastic po'jx'itv is nstoted 
by heating tlu* aitich, oi that j^oition of it .idjatMo to tlu 
cutting edge, to about 300' i . ami afttixxaids k u!mg it in 
accoidance with the (|uaht\ of tlu stetl and the degiet of 
tenqx'i itquii(‘d 

In shaijHiiing a miners pick tlu blackMinth hist heats 
the jKiint to a biight led heat, then he hammets the |Knnt 
to shajH*. aftei whieh lu* again luats tlu* |K)mt to a dull ltd 
heat and parlh tjuuiclu s the lu at it) that condition indicated 
by the colcmi 1 01 rt*sponding to the <i<sii((l condition When 
the desiicd tempi i has Ik*< n obtained the iwmt is quenclied 
suddenly 111 cold watei 1 he pit ks iisi d in t o«il-cut ting machines 
and tlie twist drills ust‘d foi drilling hoKs in coal and lock aie 
tem|x*red in oil, but the cutting t(K»ls xised m the <*ngmet*tmg 
shop for boiing, planing, anti turning, an* lemjxued by 
immersion in tnl 01 a slrtam of tt)mpn*ssed an Stt‘el m the 
plastic condition contains fiee eaibide of iron (I'VsC), but m 
the liardened state theie is Iittk 01 110 free carbide. In 
teinp>ered steel the coridiliofi of the carbon is mlt’tnudtate 
between that of hardened and annealed stc‘el Obviously, the 
correct temper is that m winch the condition of the carlxm 
in the steel is such as to confei on the* steel the quality of giving 
most efficient service 
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Welding. The operation by which portions of wrought- 
iron and steel are firmly joined together is known as welding. 
In the simplest case the two portions of metal to be welded 
together are placed in a furnace and heated to a white heat, 
then the surfaces to be joined have all impurities removed, 
after which the pieces of metal are hammered together on 
the anvil. The surfaces arc apt to become oxidized in heating 
and it is necessary to remove the oxidized particles before the 
pieces of metal can be joined together. This is most con- 
veniently done by throwing sand over the heated surfaces, 
when the silica (SiOa) in the sand combines with the oxide of 
iron (FeO) to form ferrous silicate (2Fe0,Si02), which can be 
easily shaken from the pieces of metal. Although it is neces- 
sary that the pieces of metal should be plastic, care should be 
taken not to overheat them, for in that condition the metal 
may become oxidized, or burnt, and imsuitable for welding. 

Many of the objects in use about a colliery are unsuitable 
for welding by hammering, as, for example, the cracked arm 
of a winding drum, or a cracked cylinder. In order that such 
pieces of machinery may be efficiently repaired, the oxy- 
acetylene flame, or electric arc, may be used to cut out the 
weak portion of the metal and replace the same with sound 
metal which is made to flow into the space from which the 
weak metal has been removed. The blow-holes in castings 
can be efficiently filled up in this way, the holes having been 
bored out to expose clean metal to the metal to be filled in. 
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EXERCISE \}UESTlONS 

1. State what you know alK>ut Uie construction, use, and core 
of wire ropes for winding in shafts (2M4i Ctass htam., A/av, 1930.) 

2. Describe in full di tail the o^ietatioiv t»f sluirix^niug a blunt 
pick to make it again teailv for use. 

{ 2 nd Class Sov., 1918.) 

3. Wliat malenaU would you us*' for the following parts of 

machinery ? Give reasons for your sidection . The bush of a 
loose drum, a hamniei. cage chains, and the remetalling of a 
bearing. Class Hxam,, May, 1920) 

4. How are the following tests inatlo on individual wires from 

wire ropes : (a) for tt'nsional strength ; (b) for torsional strength , 
{c) for l>ending strength ? What tensional strengih would you 
expect from the plough stt‘t'1 wm‘ expresseti in tons ptT M}uare 
inch ? (ist ( lass F.\ant,, Kov , iyi8.) 

5. A wire rojK* 1 in diameter, weighing 5 !!> ^)er yaid, lias 

SIX strands of seven wires each, the w ues Ixung o»i 1 2 11 ihametei , 
The steel in the wires has a br<*aking ’^tri ngth of 90 tons jht sq. in. 
Would you regard this as a suitable ro|H» for a loaded cage 
weighing 5 tons gross in a shaft 300 yd. deep ? Show your 
calculations. (15/ Class hxam , Nov., 1922.) 

6. State the materials usisi in the following articles, giving 
reasons for your choice. State also what you know of the treat- 
ment of tlie iiiateriaK during manufacture ami in us<* to render 
and keep them suitable for their purjiose : wiie for winding and 
haulage ropes, briille chains for cages, val\e faces and valve 
seats for steam ; screwed and socketed pipes 

(16/ ( lass Exam , May, 1923.) 

7. Describe the processes of welding and of hardening or 
tempering. Name one metal that e^ri lx* hardened but not 
welded, one metal that can be w'eld<*<l but not hanlened, and one 
metal that can neither be wt Ided nor hanlened. 

{\st Class Exam., Nov., 1913.) 

8 . What IS meant by tlu* ti-rius : tensile strengih ; torsional 

strength ; elongation ; reduction of area ; elastic limit, as applied 
to the testing of materials How is the knowledge of such 
properties of metals useful in connection with the plant and 
machinery of a colliery ? (is/ Class Exam., May, 19 < 4 ') 

9. State the difference between cast-iron, wrought- iron, and 
mild steel, and give examples of some articles or parts of machincr\’ 
that are best made of each of these materials. 

(znd Class Exam., May, I9t7*) 
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10. Describe and sketch in your answer book how you wouid 
quickly and efficiently repair the cracked arms of a winding drum. 

{ist Class Exam., Oct., 1921.) 

N.B. Three of the eight spokes were cracked at about one- 
third to one-lialf the distance 'butwards from the boss, the arms 
t>eing of T section. 

11. Calculate the size and weight of chains suitable for raising 
a cage' having a total weight of 12 tons, these being four chains 
inclined at 35® to the vertical. 

12. If you are handed a round bar of metal i in. in diameter 
and 12 in. long, how would you <lecide whether the material is cast- 
iron, wrought -iron, or cast -steel? {zml Class JCxam., May, 1Q33.) 

13. In connection with steel wire ropes for winding or hauling, 
what can he done in making a wire rope to render it flexible and 
able hi bend round small drums, and what criiistriictions of wire 
rope reduce s])inning in \ertical .shafts? 

{’>/</ ( lass Exam., May, 1033.) 

14. Design and draw a pin to suit a shackle for a cage chain, 
prfividing means for securing the i>in in jio.sition, and .stating the 
iniiterial that you would ns<\ Show all necessary dimensions for 
making a pin i ] ;! in. in diameter and 7 in. long. 

(imi Class Exam., May, 1933.) 

15. Describe in detail the ojH'ration of welding together two 

round iron rods i,J in. in diameter lo form one straight rod of the 
same diameter. (2?a/ Class Exam., Nov., 1934.) 

16. State the materials that you would use for the following 

pur|)oses, giving reasons for vour choice: (a) \ tie rod to carry a 
pull or teusional stress : {h) A column to support a weight or com- 
prc.ssion stress; (^ ) riu* hodv of a valve to sustain a high steam 
pressure. {ztid ('.lass Exam., May, 1937.) 

17. State what is meant bv the following descriptions of 
materials, and name (»ne article for which each material is speci- 
ally suitable: («) Manganese steel; {h) (hilled cast-iron; (r) 
Nickel steel; (d) ('a.se- hardened steel. 

(is/ ('lass Exam., Nov., 1931.) 

iS. A steel winding tope is in. in diameter, and has a break- 
ing strength of (>5 tons. It weighs 2-5 lb. \yer ft. I'he loaded cage 
and attachments weigh 5 tons, fhe length of the rope from the 
pit hea<l sheave to the cage at the bottom of the shaft is 900 ft. 
('alculate the static factor of safety in the rope. If the acceleration 
IS 3 ft. |)er sec.,* what is the actual factor of .safety of the rope at 
the commencement of the wind ? 

(ist Class Exam., May, 1932.) 

19. Name the metals and metal alloys that are generally used 
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in the cuiistruction oi a steam-druen winding eugtiiie. litiiicate 
the respective parts of the engine for whKh each niatenal rt suit- 
able and grte reasons foi voiir choice 

(i^ C Ltam , Ma\ 1033 ) 
zo Out* a list of t\pival uirc rope constructions and deacnbe 
them briefly Indicate the purpose for uhich each construction 
IS most suitable (is/ Class Exam Nos 1033 ^ 

21 Discuss the uv' of electric welding in connection with 

rnachinei V iise<l in and almnt mines, giving instances of jiarts now 
tommonlv made of mild steel welded, lliat were formeilv nveteii 
or weie castings (is/ ( /as* kxaat , Nov , ) 

22 Make a sketch to illustrate a pin or a rivet in dinihlc shear 
Oiven that the maximum jierniisMble stress m double shear for an 
iron pm is 7 tons s<j m of what diameter would you make tlie 
pm to tarrv a load <>f n tons ^ \ist ( la^s / tan* Mav , lom ) 

2^ l>es<.rilx' the pnxesses of vast* hardening, hardening, and 
tem|>oring as applied to steel giv mg an example of the use of each 
prcKcss m tonneilion with the use of maihineiv about mines 

{1st Class } sain Nov , lo^s > 
24 V\rit( a shoit aiiount of sKfl wire winding lopi , dealing 
with Ihsir sonstiuctum foi sanons ilutus their handling and 
taro in sdsue and the tioubles to whuh fhev are Iwble 

( I s/ ( lass / Aaat , Nov , 10 (h ) 
2*) fn (onnettion ssith steel uiie winding ropes {a) Hv what 
jmK( should the steel In* madt (h\ \\ hat is the common range 
of < trength of wires in Ions |hm s<piare me h " (<) Itv what prexess 
IS the stiength of 1 1 ss ires attairusl " (tl) \\ li.d tests of wire inav 
l>e m ide to show its snitibilit\ tm um in a winding ro[)e^ 

I i ( lass I raw Mav 10 ) 



CHAPTER XI 

HAULAGE AND HAULAGE APPLIANCES 

When the miner has broken down the coal in his working 
place he may load it directly into tubs, or he may load it on a 
conveyor by which it is transported along the face to the 
loading point. The loading point may be situated at or near 
the face of the working, or it may be arranged that the face 
conveyor should load the coal on another conveyor working 
on the road, by which the coal is conveyed to a loader that 
raises it to the height of the tub and discharges it into the 
latter. Coal is transported in tubs for some part of the distance 
between the face of tlu‘ workings and the shaft, and provision 
must be made for hauling the tubs towards the shaft. The 
method used to haul the tubs towards the shafts depends on 
circumstances, especially with regard to the amount and 
direction of dip of the beds. In some cases it may be conveni- 
ent to use gravity or self-acting haulage, but in other cases it 
may be necessary to apply some mechanical means of hauling 
the tubs towards the shafts. In any case, it will be necessary 
to exert some force to control the motion of the tubs, either in 
holding them back or pulling them forward. 

Tractive Force. 'Fhat fon c which is required to overcome 
the frictional and gravitational resibtances to the movement of 
a load on an inclined plane is called the tractive force. Fig. 
129 shows a tub at n*>t on an inclined plane which makes an 
angle 6 with the horizontal plane. Since the tub is at rest 
under the action of the forces \\\ R, and 7\. these forces may be 
set out in order to form the triangle of forces, from which it 
is seen that — 

T ^ W sin 0 and R = IF cos 0 

The force required to overcome gravitational resistance is 
W sin B, but frictional resistance must also be overcome when 
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t he tut) i$ hauled uphill, and the force necessary' to do that is 
wU cos 6, where ja is the coefficient of frictional resistance, 
thus the tractive force T == juW cos 0 r-.- W sin 0 , but should 
the load be moving downhill T -- //H’ cos 0 - H’ sin 6 . 

When 6 o®, sin 0 = o and cos 0 r, hence, the force 

necessar}' to move a load on a level road t»quals /<H\ W’hen 

0 == 90®, sin 90° = I and cos 90® == o, liencc‘ the upward 
vertical pull equals ir. It is thus apparent that as the value 
of 6 increases /nW cos 0 diminishes and sin 0 increases. When 
the load is moving downhill the t<Tm uW cos 0 may or may not 
be greater than If sin 0, 
so that it may be neces- 
sary to exert a pull in the 
downhill direction. 

Practical Rules. The 
inclination of a haulagt' 
plane is often referred to 
in terms of the sine of the ruiAvc.i oj Forces 

angle of inclination, by 

so many inches to th(' ^'ard, or i in x. Such an expression 
should not be confused with Ihegr^i^/rn/, i.e. tin* tangi‘nt of the 
angle of inc lination, although there is little difference between 
them when tin* angh' does not excet tl 12®. 

If for eos 0 we put F, signifying the frictional resistance, 
and if for sin 0 we ]>ut /, the following handy rules may lx* 
written down, viz. : 'J\ ~ F f H*i for uphill movement, 
7 '<f — F - Wi for dow'nhill movement. If wt* assume that 
it is necessary to move a load of i ton on gradients of 1 in 10, 

1 in 70, and i in 100, both uphill and downhill, and is a con* 
stant (--* representing average fractional resistance, we get— 

I 2240 

For I in 10, = F + ~ If A" 4 * Wi — - x 2240 + - - 

“ 70 TO 

“ 256 lb. 

I 2240 

T. . F - Wi = KW - If 1 -- -- X 2240 

70 TO 

^ ~ 192 lb. 
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For I in 70, T« = f + JFi — X 2240 + — X 2240 = 64 lb. 

70 70 

F - Wt = 32 - 32 =-= 0. 

I 2240 ,, 

For 1 in 100 , 7 « F + H / ^ — X 2240 + = 54*4 lb. 

70 100 

I \i -* F - \Vi ~ 32-22-4 = 9*4 lb. 

'riiesc calculations show that when the coefficient of resist- 
H' 

ance is - , the gradient of i in 70 is critical This means that 

70 

on lower inclinations than i in 70 the tubs would have to be 
hauled in both directions. The negative sign denotes a holding 
hack force to prevent tubs from running downhill out of control 
(»n gradients greater than 1 in 7^). Obviously, the critical angle 
is influciK ed by the coc'fficieiit of resistance of the tubs on the 
track, and that in practice is a varying quantity whicli 
ih^iends on tlie lubrication of the tubs and th(‘ state of repair 
of tubs and track. 

Tubs and Lubrication. Tu])s may be made mostly of wood 
or iliey may be made entirely of iron and steel. They may 
Iiave a capacity of a h‘w hundredw(‘ig!its, as when the road- 
ways an* very low, or they may have a caj)acity of several 
Ions, when the n»ads are maintained of sufficient height and 
width to accommodate them. Now that coal is so much 
transported by mechanical conveyor^, and the number of 
loading points is consequently reduced, we may see in the 
tulure a greater use of the bigger tub. Tubs titled with plain 
pt'destals are lubricated as they pass across greasers set in the 
main haulage roads, but the improved type of pedestal, 
incor|>orating ball or roller bearings, is designed to carry a 
(piantity of lubricant which is renewed from time to time. ^ 
Systems of Haulage. Wt' are chiefly concerned with tht‘ 
various arrangements that are usually made when installing 
gravity and mechanical haulages. Gravit\' haulages may be of 
the intermittent type, in which empt\ and loaded tubs are 

* Sec “ Collier)’ Trams,’' by J. H. Roberts, B.Sc., in Collteiv 
h:Hf>metring, June* August. 1027 
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attached to the opposite ends of a roj^ie passing round a pulley 
at the top of the incline, or the tubs may he attached to an 
endless rope which passt^s round |mlli‘ys at the top and bottom 
of the Incline. Several mechanical systems of haulage are in 
vogue, but we shall deal mainly with direct haulage, main- ;uid 
tail-rope haulage, endless roj>e haulage, and locomot ivo traction. 

Gravity Haulage. This system of haulage is u|H*rative 
because the force* of gnu ity actitig on the loaded tubs is 
sufficient to o\ercoine op]X)sing forces of gravity and frictional 
resistance. 

(liven that IT - weight of loaued tubs in ll>. gross 
it’ - weight of em]>ty tubs in lb gr<»ss 
?c, - weight ot haulage rojx* in lb. 


/• irictional lesisianceol loaded tubs in lb — - 

7 <> 


f - trietional resistance ot empty tubs in lb. 
/', trietional resi.stanee of rope* -- - Mb 


<1 



In order 
operate 


that the 
III 


.md (ir - 7c - 


intermittent system i»f haulage may 
a-/ 1- av* f F -i / » A 

j«'i) *:•/'■+/ f /i 


therehm* 


/• I / I /, 

W U' Tt’, 


Example 67. Calculate the least gradient for a self-acting jig 
upon which it is proposed to run tul>s in sets of 8. each tub having 
a gross weight of i5e\vl wlieii loatied and ^ewt. when empty. 
The haulage ro|x* weighs 3 Ih per fat horn and tin* incline is 
joo fathom*^ long 


Solution. 


ir =* 8 X 

15 112 

13. f4oll> 

/«' ^ y 

13,440 «« 192 lb. 

w = 8 >' 

5 y -2 

*--= 4480 lb. 

f = 7'.. X 

4480 64 lb. 

« 3 y 

200 

=1= 600 lb. 

j\ = i'., X 

600 r- 30 lb. 


19-2 -h t>4 30^ 286 I 

13,440-4480-^0 8360 29»2 
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Should the gradient of any considerable section of the incline 
be opposed to the movement of the tubs, the ordinary system 
would give place to the endless rope system of haulage in order 
that the resultant pull due to a number of distributed loads 
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might be sufficient to maintain continuous movement of the 
tubs 

Arrangements of Tracks. Where the condition of the roof 
admits of its adoption, the best arrangement is to have a 
double road from top to bottom. If width of road is a matter of 
importance there may be three rails above and below the 
parting or three rails above and a single track from the 
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parting to the bottom of the incline. These arrangements are 
shown in Fig. 130. There is little doubt that the double-track 
arrangement is the best one, for the switches at the top and 
bottom of the incline are under the care of haulage hands 
stationed there , moreover, there is no possibility of the loaded 
gang colliding with the empty gang. Where switches are 
necessar^^ they should be designed to operate automatically, 
and they should be guarded against possible displacement 
by the rope, and it is an advantage to have an electric bell 
operated by the tubs as they approach the SNvitches so that the 



h 



Fig 131 Band Brakk 

banksman may regulate the speed of the gang entering the 
switches. 

Rope Pulleys and Brake. The pulley at the top of the jig 
may have the ordinary form of C-groove, or it may be a 
Thomcliffe pulley having a deep V-groove with sides making 
an angle of about 17®. Whereas two, or even three, turns of 
rope may be put on the C-pulley, only little more than half 
a turn can be put on the Thomcliffe, indeed that will be quite 
sufficient for most loads. Either form of pulley should have a 
strap brake like that shown in Fig. 131 attached to it. The 
strap is made of iron and has attached to it blocks of hard 
wood, the attachment being made by countersunk bolts. 

Safety Appliances. It Ls essential to have safety catches to 
arrest runaway tubs in case of the breakage of couplings or 
rope, or the failure of the banksman to see that all the tubs of 
a gang are coupled together before removing the scotches on 
the bankhead. Where possible, the loaded set of tubs should 
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be attached to the rope before the stop-blocks are withdrawn, 
or, failing that, two sets of stop-blocks such as are shown in 
Fig. 132 should be installed, so that the lower set would prevent 
accident in case tubs should not have been coupled before 
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n*mc»ving th(' iippor block. In the case of the set or gang 
getting out of control, as in the event of the rope breaking, 
the run.iwuy set may be arrested by the erection of 
Warwick's ” .it seviTal points on the incline. The Warwick is 



pivoted to a beam -set across the road and let into the sides, 
and is normally held against the roof by a shackle, as shown in 
Should tubs break away the banksman pulls a wire 
to remove the shackle, and thus allow the Warwick to drop into 
the position shown by the dotted lines. 

“ Hecla Runaway Tub Catch. This device is designed for 



HAVLAGE AND HAITI. AGE AmiANCES ^59 

automaticHlly stopping tubs on an incline, whicti have got 
out of control owing to the breakage of the haulage rope, 
failure of a rope clip, fracture of a drawbar, or the breaking of a 
coupling. It consists ot a strong cast-steel fnime supporting 
two steel rocking levers. These levers project in a slantwise 
jKjsition adjac(‘nt to each other. One lever starves to stop a 
runaway tub travelling in one direction, w'hiLst the other lever 
performs the same ojM ration on a tub travt*lling in the opiM^^itc 



ciinrtKMi i;,4 (a) is a mh tional sketch showing the rehitivi* 

positions of tlie levers and frame wh(*n tubs are moviiig 
normally at a speed of *il)ont four miles ]>er hour ovei the 
catch, <ind big. {^) ^h(*w's their rc*lative positions wlitn 
arresting a runawMV tub. Moving at a low’ sp<‘ed the axles ol 
a tub merely disturb the levers, hut when (he .si)eed of the tub 
is high the im])act ot the U’ading axle is sufiirient to ovcTturn 
the lever next the sid(‘ of approach into the |M)sition in which 
the other axle is caught by it. 

When tubs travel uphill in one direction it is only nec'essarv 
to prov’ide one lever, and that is normally in the position in 
w^hi(*h a runawav tub w’oulcl hi* arn‘stt*d. An unbalan(e<’l lev< r 
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IS pivoted to an angle-iron frame, and as the tubs pass uphill 
the lever is depressed by the axles so that when the tub has 
passed the lever is in position for arrestment of tubs that 
run away. 

Balance Jig, or ** Cuddie.” When the gradient at the face 
of the workings is steep, loaded tubs may be lowered singly 
against the gravitational pull of a balance weight which is 
arranged to run on a narrow track at the side of the tub track. 



^■'*0 133- Jig Pulley with Brake 


or between the rails of the latter. The balance weight is 
mounted on wheels, and may be arranged to run the whole 
length of the incline or part of the length. A common form of 
jig pulley with brake is shown in Fig. 135. Provision must be 
made at the bottom of the incline for fastening the rope 
during the removal of the loaded tub and the attachment of 
the empty one. An iron fork bolted to a sleeper, or other 
beam, forms a suitable attachment. 

£ndless«rope Gravity Haulage. When large outputs of 
coal have to be handled on extensive inclines, there is no 
system of haulage to excel the endless-rope system. Whether 
the rope is carried above the tubs or under the tubs depends 
mainly on whether the tubs are attached to the rope at the top 
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of tho incline or at several points along the incline. If there are 
several points of attachment, the over-rope S 3 ^tem is more 
convenient than under-rope haulage, but the latter may be 
used with advantage when the tubs are attached at the top 
only. In either case the tubs may be attached to the rope by 
{ in. lashing chains, even on steep gradients. A double irack 
is laid from top to bottom of the incline, and a Thornchffe 
or a Clifton fleeting pulley, of which Fig. is a part section, 
is placed at the top of the incline, preferably in the horizontal 
position. The rope is also passed round a plain pulley of 
similar diameter at the bottom 
of the incline, and it may be i 
arranged to function as a tension 
arrangement by mounting the 
frame on wheels and applying a 
balance weight to it. The tubs 
may be attached singly, or in 
sets, at regular distances along 
the rope, and in order that the 
hanger-on may know when to 
attach tubs a signalling device, 
operated by the tubs last attached C lifton Pui titv 

to the rope, is placed in a con- 
venient position at the requisite distance from the loading 
point. 1 1 loaded tubs and empties arc attached simultaneously 
they will be equally spaced. The endless-rope system of 
haulage, when running at low speeds, is capable of delivering 
a large output of tubs to the bottom of the incline, irrespective 
of the length of the plane, and .since the spc‘ccl is low, the cost 
of maintaining the rolling stock and track in efficient condition 
is also low in comparison with that of the ordinary .system 
Carriage Inclines. In working highly-pitched scams it may 
be necessary to use carriages for the purpose of lowering tubs 
from one level to another. Carriages are designed to hold the 
tubs in the horizontal position, and are balanced by a weight 
mounted on wheels running on a narrow track beside the 
tub track. 


t8-a 5468) 
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Main-rope Haulage. This system of haulage is applicable to 
the case in which the dip of the haulage road is such as to 
cause the empty tubs to gravitate towards the workings and 
drag the haulage rope after them, so that the loaded tubs may 
then be hauled outbye by a compressed air engine, a steam- 
engine, or an electric motor, placed near to the point of deliver\^ 
of the tubs. If the point of delivery is inbye the power ii> 
most likely to be transmitted by compressed air or electricit}-, 
preferably the latter if it is permissible to use electricity in the 
mine. In this system a single track is necessary, and the engine 
is provided with one dinm loosely fitted to the drum shaft but 
Conner ted to it by means of a block or claw clutch. A suitable 
post brake or strap brake is applied to the drum to control 
the descent of the emj)ty tubs. When a steam or compressed 
air engin<* is used to drive the haulage, a single reduction g4‘di 
is fitted, but a double reduction gear is usually fitted when the 
drive is idectrical. The speed of main-rope haulage de pends on 
the condition of the track and tubs and on the power supplu‘ii, 
and the power supjdied depends on the output required, or, 
more precisely, on the triictm^ lorce and th(‘ speed of the 
haulag(‘. The liors(‘qK»wer of the engine or motor is (‘X})ressed 
tlms - 

^ tractive forc<‘ in lb. x max. speed in ft. per min. 

ll-l'- ■- 7 . — — - 

33,000 h 

where/: -- the efficiency of the haulage gear. 

Example 68. What powei must Ik* supplied to drive a haulage 
gear capable of dealing uilh an output of 300 tons in 8 hr. from 
a down -brow dipping at i in 10 for a distance of 500 yd ' The 
tnaxinium speed should lie 8 miles per hour, and the efficiency 
of the gear may be taken as 0*7. (iross weight of tub, 15 cwt ; 
tare. 5 cwt. 

Solution. 

... , I 1 • 500 X 3 X 2 X Oo 

nine to make double lourney — - 4*3 imii. 

Time to change at the end - allowance ~ 5*7 min. 


Total tune ~ 10 min 
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Number of journeys per shift 
Number of tubs per joumev 
Weight of 13 loaded tubs 

Tracti\e force to haul tubs 


8 V 60 
10 

— 3 OQ X 20 
48 X 10 

20 

= 21 840 lb 
= IVt f-F 

21,840 

^ 4. 


4 « 


= 13 

* o 75 tons 


21,840 

70 


= 24<j) 6 lb 


Assuming that the factor of saful\ of the lopc is 7 and that the 
breaking stress is expressed b\ 3C *. can had the iireuinfeMenee 
and weight of the ro]H 


Breaking stress in tons 


C* - 


-249b 

2240 

7 A 2496 


3 ^ 2240 


2 6 


and the weight of the lojx i> 2 5 lb per fathom or 623 lb in all, 
hence the maximum tractive force at the bt ginning of the trip 
is expressed b\ 


I - Wt -f f 1 


2184 \ 312 4 


625 


4 


625 

20 


H p of engine or motor 


2590 lb 
£590 X 704 
33 000 A o 7 


When the grade is uniform the motor may be serus wound, 
as this form of winding gives the maximum torque at starting 
and runs well at uniform load, but we have sc en that it tends 
to race on light load In deciding on the type of motor, due 
regard must be paid to the piossibility of tlie tubs having to 
be started from rest on the incline 
This system of haulage may also be used to haul empty 
tubs up headings and to control the descent of loaded tubs by 
means of the brake 

Main- and Tail-rope Haulage* Fig 137 is a diagrammatic 
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representation of this system of haulage, and it shows that the 
main rope is used to haul the loaded tubs outwards to the 
engine, and the tail rope to haul the empty tubs inbye. Such 
a system of haulage seems desirable when it is only possible 
to have a single track laid in a road in which the gradient may 
f)e opposed to the tubs passing in either direction. As it is 
sometimes necessary to haul coal from different districts with 
the same gear, arrangements are made at the junctions of the 
roads leading to the districts whereby the roi)es in the branch 
roads may be coupled to the main ropes. Fig. 138 shows an 
arrangement of this kind. When the empty gang arrives at 
the position shown in the figure, the tail rojpe e is detached 
from the front of the gang and the branch rope / is coupled to 
the first tub. The tail rope is also disconnected at d .so that 
the other end c of the branch rope may be connected to the 
tail rope. When the loaded gang arrives at the same point, 
the branch rope is detached, and the tail rope passing round the 
terminal pulley is coupled to the tubs, after which the journey 
IS continued to the shaft landing. The main rope is carried on 
rollers placed between the rails, and where curves have to be 
negotiated bevel pulleys may be placed between the rails or at 
the side of the track* near the inner rail. The tail rope may be 
carried on rollers placed on the floor at the side of the track, or 
it may be carried on wheels attached to props set at the side 
of the track. The terminal pulley may be placed vertically or 
horia&on tally, as shown in Fig. 139. The haulage gear is provided 
with two drums, and both of these are provided with clutches 
and brakes so that each may be driven by the engine or motor, 
or controlled by the brake attached to it. 

Air-driven Main- and Tail-rope Haulage Gear. As the 
workings of a mine are developed it sometimes becomes neces- 
.viry to install auxiliary- haulage gears of this typo, to be driven 
either electrically or by compressed air. In either case the 
drums must be actuated through gearing, and some form of 
clutch to enable the driving mechanism to be connected to 
either drum as required. Fig. 140 shows the general arrange- 
ment of an air-driven gear made by Walker Bros., Wigan. 
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rhe vngiii4?!i an* of the self-contained type, with two cylinders 
each 6 in. diameter 8 in. stroke. The cylinders are made* 
of hard cast-iron, and the pistons of the Ramsbottom type are 
also made of cast-iron, the piston rods being made of mild st(*el. 
rii<‘ valve gear is of the op(*n-exhaust piston type, and it will 
be sf*en on referring to the illustration that the valves are 
ojH*rated by connecting rods attached to linkwork of the 
Hackwortli ty[)e. 'Fla* franjework is built up of steel plates 
and rolled joists, and the cylinder^, bored crosshead 



I l«. I4<» VlR-DRIVhS VI. \N() r 
If M'L \(.F (it- \K 


guide'^, an<l prdrstals an* !>olte<i to it. The crank and s^vond- 
iimtion shafts arc made ot mild steel, and a high-carbon steel 
pinion on tlu* crank sh.ifl meshes with the spur wheel on the 
drum shaft. The drums are pn»vided with band brakes, and 
are acttiat<*d b\ cast -steel claw chitches ; tin* |)ositions ol the 
levers being set*n in the figure. The drums are i8 in. diamctei 
and 15 in. wide, with sale flanges Oj in deep, each being 
bu.sht'd with l)rass and Ix^reil for running lo<)se upon the shaft. 
A sfX'cial h‘ature this gear is the op(*n-exhaust wdves by 
which the trouble aj-i.sing from ice in the exhaust p<^rts is 
avoided. 

Power Calculations. I'he power required to drive a main- 
and iail-ropt" system of haulage must be such as to give the 
requisite speed on tlu* steepest grade opposed to the traction 
of the loaded tubs 
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B»uii(iie 69. V haulage road is 1300 yd long and has an 
average gradient rising inb\ e for a distance of 900 ) d , after 
which the road dips at i in to lor the remaining length 0/ 
400 yd \n output of 400 tons of coal per ^hift of 8 hr has to 
he hauled in tubs having a capacitx of 10 cut of loai and weigh* 
mg 5 cut empt> If the speed of the haulage is 10 nulcs pei 
hour calculate the mam dimensions of a steam engiiu having twc» 
cylinders to operatt the haulage with an efhuenix of o 7 ind a 
steam pitssure of lb |>or sq m 


Solution 


speed of liauUgt 

10 A •» 2 S> 

tH) 

sSo It JH r 

1 iim to inakt ih)iiblc ]oiinn \ 

1 pK> i 

SSo 

min 

1 im< to < h lugt St Is 

illt>\\<int t 

b t mill 


i o( tl tina 

1 s tnni 

Nuinbci ol jouintvs pu la ni 

I 1 



and the luiinlx i of tubs m t uh gang 

100 z 

I 

15 X 112 -S **) X 

Iractive force ou i uj 10 

!0 /O 

4200 t 600 
4 S«X) lb 

If the latloi ol salt t\ is 7 and tlu Imaking striss of a patenl 
•>tiel ro|H IS tvpnssttl b^ 4 ( “ tlu Incaking stitss of the rojic is 

7 _^oo llurefor. (» ~ < 4 So‘> vmghl 

2240 ’ 4 i- 24 ‘> 

of Iht rojH having i U ngth tqu«il to tuut tin kngth of the plant 

1300 X 2 V ^7 and Its frntionil resistance may 

2 

Ih taken as 2401 b I he irattivi luitt txtited by the 

20 

engine equals 4800 f* 24^ 5^4® ^1^ and, since the speed of the 

haulage is 880 ft p<r min , the units of work done per minute 
«= 5040 X 880 «- 4 , 435 »^<^ 

If we assume that the speed of the pistons is limited to 250 ft 
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per min., we may state the equation of work and find the diameter 
of the cylinders, thus— , 

2 X X P S X E -= units of work 
4 


y 

4 


X 6o X 250 X 0*7 
(P 


4.435.200 

4.435_^o? 

2x0 7854 X ^ X 250 X 0*7 


and d — 16*4 in. 

If the length of the stroke is proportioned to the diameter of the 
cylinder, in accordaiue with usual engineering practice, it should 

2*5 X i6*4 

l>c the next bigger standanl si/e to —3*4 ft. 

12 

When an eU‘Ctnc motor is used to diive a main- and tail-rope 
haulage, th<* horse-powet ^ of the motor is based on continuous 
rating and equals ^^///V f '^here 1 U\ is the horse- 

power ap[>Iu‘d to tlu traction of loaded tubs and tiP^ is that 
spent in hauling t‘mpt\ tubs 


Modified Main- end Tail-rope Haulage. A useful modihca- 
lion of the system is that in which one roiH‘ passes round a 
shallo\v-groov<‘d pulley to the tenninal pulley and back to the 
front of the ingoing gang of tubs, the other end of the rope 
being attached to the back end of the gang. The haulage 
gear is necessarily rev< rsibU‘, the rt'versal being elfccti^d by the 
introduction of a reversing switch in the circuit of an electric 
motor or valve g< ar of a .steam or air-engin(‘. 

Endless-rope Haulage. In this sy stem of haulage a veire rojie 
passt\s from th<* haulage gear to a return pullty at the inbye 
end of the plane and back to the ih'tding pulley of the gear, 
which may be driven eitlier by steam, air-powTr, or by 
electricity. The haulage gear miiy be jilaced on the surface 
or it may be placed at the bottom of the shaft, or if the system 
is au.xiliary' to the main haulage it may placed inbye, the 
power being transmitted in accordance with the power used. 
Several arrangements may be ustxi according to circumstances 
and these an' — 

I. Driving gear on the surface with the rope passing down 
the shaft and round as many branches as there may be. 

* EUetncai Praciice tn Col/tertes, by I^of. Bums (page 220). 
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2. Driving gear on the surface with band rope ttansmitting 
power to a clutch gear at the bottom of the shaft. 

3 Driving gear at the bottom of the shaft driving the 
clutch gear there. 

4. Dnving gear placed uibve, the |X)W 4 *r being transmitted 
by pipes or cables 



1 in 141 l ARKOS In'DIFSS KOPI* H VII AUI (tPAk 

5 Branch haulage'^ ma\ bt clrnen b\ ( lutcli gear ojTiiated 
by the main haulagi rope acting as a band rope 

Fig. 141 shows a doub!<‘ endless rof)e gear as made by the 
(arron Company, Carron, .Stirlingshire, and it consists of two 
fleeting pulleys driMn r Ic'ctru ally, first through belting, and 
then by double heJual spur gtar and w<x)d-lined friction 
clutches. Tlie regulating s( rows for operating the clutches are 
supported by strong brack<*ts, having swivel nuts of gun-ractal. 
Each drum has attached to it a strong wixxi-Uncd brake 
worked by a foot-tram[) The plummer blocks arc of the 
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double oU-ring, self-oiling type, and are provided with gun- 
metal bushes. The bed-plate consists of steel girders bolted 
together. ?he same firm makes heavier gears in which the 
speed is reduced by treble-reduction gear after the initial 
belt drive, or by worm gearing in which th(‘re is a phosphor- 
bronze worm working into a cast-iron worm wheel. The spur 
gear is mad(* of cast steel with machine-moulded teetli 
Tension Carriages. Owing to the continued .stretching oi 
haulage rojx^s and the rtuetu.ding natun* ot the load, it is 



nect'ssary that tlir slack should be l.iken up b\ a tension 
arrangement of some kind. Fig. 142 shows .1 tension carriage 
with balanc4' weight attached. Such a de\ ice is usually placed 
near to the driving gear so that the rope pjissi's direeth' Ironi 
the tension carriage^to the driving pulley, thus ensuriiig that 


the eimditions Required by tin* expr(*ssi<m 


r. 


/i'"® .shall 


.dways Ih» fulfilled. If the tension carriage is placed on an 
inclined plant*, the balance weight may also be mounted on a 
carriage of similar construction. 
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Operatira of Branch Haulages. \V)u*ii it is fo work 

branch haulages at the inbyc end '>f a main haulage, a clutch 
gear is installed in the vertical {>osit!on, as shown in Fig. 14^, 
or it may l>e mounied on a horizontal shaft and placed in a 
suitable }x>sition near to the termini of the main and branch 
haulages.. The tigure shows a main shaft 5 supporttnl on a lo*)i - 
step /, and having the flci l- 
ing pulley u rigidly attached 
to it. Th<‘ driven pulley^ 
marked n are oonnect(*d to 
the driving shaft l)v nuaiis 
of tin' friction < liilclus 
marked />. 

Methods of Attaching 
Tubs to Rope. I he loim ot 
dtacliiuent used d<‘|un(K 
on tlie ])osition oi the 
H‘Iative to tlh' tubs, and as 
tli<‘ ioj)(‘ may run (a) o\e! 
the tubs, (/>) under the tubs, 
or (<) at tin* side of tl»e tubs, 
llun* is .j great variety ol 
clipping devici's us<‘d to 
attach the tubs to thi‘ iup<*. 

There is no more satisfactory 
metho<l of attaching tubs to 
an over-rope than by lashing 
chains madt* of J in. round 
iron and t> t<j 9 It. King, these being attached to both ends 

the tub. or gang of tubs, wliere tlu re art* reversals of dip 
on tlx* haulage road W'hen the rojK' is placed undtT th#* 
tubs, tht* latter ina}’ be attacht*d b\' means ol bogie clips, 
Smallman clijis, or by Fisher clips Iik<* that shown in Mg. 
144 (<i). and when the rojK* is placed at the side <if (he tubs 
attachment may be effected by the simplt* form of Swan dip 
.shown in Fig. 144 (h). 

Pulleys at Curves, t iuide pulleys must alwa>s be pla< ed at 



Ik. I h ( I c o h <(^ak 
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curves to keep the rope as nearly as possible in the line of 
motion of the tubs. When the rope runs under the tubs, 
bevel pulleys are placed between the rails, but when the rope 
travels above the tubs and lashing chains are used, a few 
mushroom pulleys are attached by inverted pedestals to 
btiams plac(*d across the haulage road. Guides are sometimes 
placed in close j)roximity to the sides of the wheels or to the 



(rt) FISII^K (IIP {h) Swan Clip 

l u. M4 


body of the tubs to prevent derailment of tin* tubs as they 
pass round thi* curv(*s. 

Tractive Force. Since the number of empty tubs is ordin- 
arily equal to the number of loaded tubs attached to the rope, 
it is clear that their gravitational pulls balance, but the 
frictional rt*sistances are opposed to the motion of the system. 
The same may be said of the rope, and consequently the 
tractive force necessary to maintain steady motion of the 
haulage is given by — 

r-UV-f F+/ f A-W 
^ {W - w)t 4* f*' 4- / + /i 
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With this difference the calculations for power of motor or 
diimensions of engint's are similar to the examples which have 
,been given in this chapter. 

Locomotive Traction. Tliis system of haulage has been 
extensively employed in America and on the Continent, both 
electric and compressed air locomotives being used on main 
haulage roads and in gathering tubs from the working places 
to the ends of the main haulage systems. Electric loi'omotives 
may be worked by the trolley and overhead wire system or by 
means of storage batteries, although in this country the 
operation of General Regulation ij6 [a) prohibits the use of 
the former type in coal mines. A few locomotives' of the 
latter type are now in use in this country’, and as rapid 
advances are being made in the nleth()d^ of trans)K>rting c<ul 
underground, we may st‘e a more extensive use of the storage 
battery-loeomotivv The following particulars lelatt* to i |<‘ffiev 
locomotive recently installed in a North Country colliery. 

r. The weight ol the locomotive is 8 tons. 

2. The gauge of the track is 21 J in. 

3. The track is Liid with 45 lb per yd rails. 

4. Sleepers are put m at 2 ft. 0 in. intervals. 

^ 5. The average speed at work is 8 miles per hour. 

6. The locomotive* is driven by two 15 h.p. M*rie‘s wound 
motors. 

. 7. There are two Exide-Ironclad batteries, erich with 
forty-eight cells divided into two compartments. 

8. The batteries have a capacity of 387 amj>. hr., and arc 
charged on alternate shifts in an underground station. 

9. The tractive force at the drawbar is about 2500 lb. on a 
level road. 

Compressed air locomotives arc designed to take supplies of 
compressed air in steel cylinders at a pressure of about 1000 lb. 
per sq. in., the air tK*ing passed through a reducing valve 
before being admitted to the cylinders. Compressed ^air mains 
are taken along the main haulage roads and connections arc 

^ " Storage Battery Locomotives in Mine Service,*' by A. W. Brown, 
A.M.I.E.E., vol. IxxiU, Trans.IMiH.E., page 126. 
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made at certain points along the pipes, so that the locomotive 
may be connected at convenient points when air is required. ' 
A Modem Arrangement. At a colliery recently visited by 
the author the coal is loaded on face conveyors, by which it 
is transjKirted along the face to road conveyors, and then it 
is c()nv< y<‘d through the motive zone of subsidence to a load- 
ing r()nv<*yor, by which it is filled into tubs that pass as a 
continuous train under the discharge of the loader. 

Beside the loading conveyor is placed a small, electrically- 
driven, main-ro|K‘ haulage* gear which is used to lower the 
tub'i in si‘ts of twelve to the siding on the main level. The tubs 
are hauled to the shaft by an electric locomotive that deals 
with tin output of fully 250 tons of coal per shift of 8 hours 
The advantages of such a system are 
I . The number of l<jading ]X)ints is small. 

i, laifiour is centralized and su}x*rvision simplified. 

j. Dat.dling costs are diminished in proportion to the length 
roadway to be maintained in condition suitabh* for the 

transport of co.i! and tin* circulation of air. 

|. The trans}K)rt ol coal to the shaft is expeditious 
5, Material and stores are conserved. 

fi. When the coal has b<‘en filled on the convenors tliere is 
no need for tubs being handled by men. 

7. The cost of production is maintained at the lowesi 
pos.sible level. 

Signalling on Haulage Planes. Signals may be transmitted 
mechanically or t‘lectrically, or by such a mechano-electrical 
m(»tlu)d as the Davis-Fr3'ar in which the completion of the 
circuit is effected by the closure of an oil-immersed switch 
opt'rated by a balanced wire running along the side of the 
plane. J'he limit of electrical pressure op)erating a signalling 
devici* in a fiery iniiTe is 25 volts, and to avoid oj)en sparking 
4it contacts these must Ih' suitably enclosed. Water-tight and 
fiame-proof ringing keys get over that difficulty. Bells are 
worked by batteries of Leclanche cells and the current is 
transmitted by bare galvanized iron wires 6 or 8 in. apart, and 
supported on earthenware insulators 
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See al<M> rndt'rgroiuiti flanlage. b\ Mr 1 IhHkett.in the Mimiit 
I Uctucnl I'tK^uuif julv !«)*♦• 


i:XKH( ISh (jLFS'llONS 

1 1 >( sign a simple metal frame witli spindle to itiru a sheave, 

o4 111 diamett 1 arul 2J in \vi<le, foi .1 tail-rojH* suitable foi attaih 
ment to the road timU is Seale, hall size 

{end C las'* t %am , Mav. n^2o i 
z Make a sketch, with <ippfo\iniate dunensions. ot an ordinal v 
ptnlestal suitabh foi a haulagi' engine drum shall (» in in iliametei 
State of what nndal the \ at ions parts are niatle 

{ind Class lixam., t>ol , i<i^i ) 
3 ^'ou have a jig wheel, 4 ft diameter, at the top of a self 
ticting iiichne (not endless loix*) The roj>t‘ g<K»s z\ times round 
the wheel In case the full wagons w'ere pushed into tlw* incline 
without the emplv tubs being attacheil, w'liat safely devue 
would you .idopl to jireveiit the full tubs from getting out of 
control ^ Sketch the vvlnel ami frame, and th<‘ metluKl of 
v‘cunng it { 2 iid C lass hxam,, 0 < t., lo-ii ) 

4. Explain in detail and sketch the arrangement of the win* 
ropes on the engine in the two cast's of (a) a main - and laibhaiib 
age system ; {h) an (mtlless ro|x* haulage system 

{znd C lass Exam., May. ku-i ) 
5 Where men ride to iiiul from their vvoik on riding trolley*- 
in a main haulage incline, what precautions wttuld you take to 
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prevent the trolleys breaking loose ’ Sketch roughly the kind 
of trolley you would use for riding the men 

(2nd Class Exam , May, 1922,) 

6 Describe with sketches the various arrangements you could 

use at the top of inclines to prevent tubs inadvertently running 
down (2nd Class Exam , May, 1923 ) 

7 Descnbe an endless-rope haulage engine, dnven either by 

electric motor or compressed air engine, as you md\ ch<x)se 
If the wire rofie is i in in diameter, what diameter would you 
adopt for the fleeting wheeP Describe the construction of the 
fleeting wheel in detail (2mi C Lxani , Mav, 1932 ) 

8 Desinlie an endless ropK haulage engine, the power being 

either steam or ohHtiic {2fid C lass / xam , Nov 19^3 ) 

9 Describe a mam and tail-rope haulage engine, driven either 

b\ (ornpiessed air 01 electric motor In particular describe the 
dium and the tlruni (<mtiols (2nd ( lass Lxam , May, 19^5 ) 

10 !)<>*( rdie a fleeting (Surge or Clifton) wheel for an cndless- 
lope haulage, giving dimensions, and state the diameter of steel 
Wirt fopt lor whith \our fleeting wheel is suitable 

{2nd ( /ass / xam Nov i<)^h } 

1 1 W nte a shoil essu on tollieiv tubs dealing with the design 

of bodv iindci frame, <liawgear aiul wheels avles and bcanngs 
from the points of vuw of convenience safety in handling and 
longlife (jm/ C /rtss y tarn Mav 1937) 

i 2 (five a description of an engine or gear suitable foi a main- 
an«l tad rope haulage sv stem diiven b\ compressed air Describe 
the tontrols and give s(»me leading dimensions 

{2nti ( lass I \( 4 m Mav i 9 S^ ) 

li I ubs aie often subject to rough us<ige undeigiound 
Describe a tvpt* of tub designed to give good servue Mention 
the tumbles tliat mav be cmk ounteied ami the means taken to 
ovt'iiome them { 27 ul C lass Lxam , Nov ui^S ) 

14 Dost iibe the apparatus that voii vvoiihl expect to find in an 

elec ti leal haulage gear house foi working, contiollmg and jiro- 
tecting the motor \\ hal are the essentials of flame-proof switch- 
geai ^ (ist ( lais Lxam , Mav 1931 ) 

1 5 \n output of 500 tons of coal is to be delivered up an incline 

700 vd long, dipping^ 1 in S, laid with two tracks in tubs holding 
20 cw t , 111 7 hours b\ <lire< t two-rojie balanced haulage, the jKmer 
liemg steam at alxmt lb per sq in l>escribtf the haulage engine 
that vou w ould install, giving the chief drum and cvdinder dimen- 
sions. (15/ C/ais Lxam , Mav, 1931 ) 

16 An incline 500 v’d long, dipping i in 4, is laid wuth a single 
track. Tubs are to he hauled up the incline in sets of eight, using 
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a wire rope } in. in diametei, weighing i lb per ft. The tubs tare 
600 lb. and carry 1200 lb. ol coal. The output in 7 hours is to be 
150 tons. 

State what diameter of drum you would adopt, what would be 
the full speed of the tubs, and calculate the b.h.p. of an electric 
motor to work the haulage. (is/ Class Exam,, May, iV33») 

17. An electric one-rope endless haulage is installeil in an incline 
for bringing up loaded tubs 01 coal and lowering empties, "llie 
motor fuU-load rating is loo b.h p., but the normal load is ou b.h.p. 
Describe the arrangements that you would make for controlling this 
haulage system, especially for stopfung and starting. 

(is/ Class Exam,, May, 10.^7^ 
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WINDING AND WINDING APPLIANCES 


l nh term windin^f denotes tlie ojHTation of raising coal from 
the bottom ol the shaft to such a }M‘ight above tht* surface as 
is iKT.essary t<i admit of the coal passing by gravitation from 
the tippler, through the screening plant, to the* truck. Thi 
shaft L-> (itted with guides of wood, iron or steel, to t*nsure that 
the cagis carrying the loaded tubs can be moved at a brisk 
speedVithout the risk ot colliding with tin* shaft sides or witl> 
ear'll other. I'lie ( ages an* raised by steam or (‘lectric winders 
by means <*f st(‘el ropes, and to ensun* that the opt'iations may 
be ('arried out in safetv rt*rtain auxiliary ap])lianc(‘s to be 
des(Tibed are used. 

Cages, ('agi s are geneially made of wnnight-iron or steel, 
and of such a si/e and arrangi'mi'iit as to enablt* tin* reejuisite 
number ol tul)s to lx* carried and handled with (‘xpedition. 
Cages should be as light as possibh*, consistent with strength, 
henc(‘ tile use ot stt t'I for the main stanchions. Th(*y are of 
necessit>' littrd with gat<‘s, ot the collapsible or sliding-bar 
pattern, and the sides are enclosed by steel sheeting, as shown 
by hig. 145. which represents t(itally enclosed double-di‘cked 
cagt's to c.iny two tubs on each deck. On the skh* of the cages 
art' to be siX'ii two sets of guide sIuh's, oik* for rope guides, the 
other for the rigid guides at tht; landings on the surface and 
at the bottom of the shaft. The cages are also fitted with 
catclu's ti» jm‘vent the tubs leaving them as they an* passing 
up and down the shaft. One fonn ol catch consists of a bar 
of circular section that is hinged on the suit* of the cage, and 
is provUh'd with handles at either end. As the handles art* 
at right angles to the lt*ngth of tlie bar, they enclose the tubs 
when tlK‘y ain* turned down to tiic horizontal jx)sition. The 
form is not a gtxxl one. for it is so easy for the hanger-on to 
fail to place tlie catches in |K)sition btdore signalling to the 
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Fig 145. DoiTBi E i»' CK Cages 
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winder. Fig. 146 shows a much better arrangement of catches 
that act on the axles of the tubs. These may be made quite 
automatic in action by arranging that they are operated by 
contact witli the keps at the top of the shaft and the landing 



at lli<‘ bottom, riic bottom of the cage is sometimes provided 
with a tilting device which ojXTates the catches, tilts the floor, 
and ensures that the tubs are changed quickly. The cages are 
attached to the winding nqies by means of six chains. Four 
(>t tlu‘ bridh* chains an* in constant use, but the two chains 
attached to the middle* of 
the sidles ot the cages act as 
>aletv chains, Thes^* chains 
must he annealed from time 
to tune to restore the iron 
to Its initial elastic condi- 
tion When rigid guides are 
used the cages are fitted 
with appropriate shoes, 
whu'h in the case of wooden guides may extend to the full 
lH‘ight of the cagt*s. 

Wooden Guides. Fig. 147 shows a common arrangement of 
guuies in a rectangular shaft. The guides are made of pitch 
pine of rtTtangular section. 4^ in. x 4 in. or 4J in. x 5 in., 
the gnater dimension hi'ing the width of the guide. The 
normal length is a multiple of 0 ft., and is usually 24 or 30 ft., 
for tho\ are attached to wooden buntons placed across the 
shaft at intervals of ti ft., and it is an advantage to have the 



Firt 147 .\rkangement of 
Wooden (»einKs 
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joints made against the solid backing of the bunions* The 
guides are jointed in the manner shown in Fig. 148, which 
depicts a buU joint secured by four counter sunk bolts and a 
scar/joint secured by three C.S. bolts, 
with fish-plates covering the joints. 

An improvement is effected in the 
butt joint by making a mortice and 
feather of square form i m. x i in. || j| 
from the front to the back of the J 
guides Fig. 149 shows three methods ^ 
of fixing the guides to the buntons, |||| J 
the angle-iron fixture being the best IL 
of all. Due to the vibratoiy’ stresses Dr ^ 
applied by the cages to the guides, - 
the bolts or wootl scrt^ws soon break 
at the junction of the guide and 

bunton and ropain, have to l)o made .N'oun.as 

Having had intimate exjienence of 

shaft repairs, the author favours the angle-inm fixture as 
the simplest for m«iking imm<»diate repairs Tlie woixlscrew 


G\ade 


Guide 


Guide 


il l 

wjis 

!’ I Vital ''Ci'llWm 


I Vfcoa 
,1 /Screw 


''BuriETii 


I IG 14<) \TrAC1IMENT OF (.TIOES TO HONfONS 

fixture is unsatisfactory because when it breaks the part left 
in the bunton cannot be removed, and a new hole has to be 
bored through the guide and into the bunton, thus weakening 
both. 
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Cai^e Shoes for Wooden Guides. Ttie shoes ustd foi wooden 
guides an* mad^* of cast-iron, and an* bolted to the sides ot 
the cage, as shown m Fig. 150. They are sometimes chamfend 



frame dCaqe 


K, I 50 i Siioi s 1 
\Vo<II>I S' (rl Il)l*s 


at the iipiHi and lower inner edges to puxenl them Iroin 
Hitting into tlu‘ guides .it tlie joints and thus wejikening the 
, joints 

Rail Guides. A great iuan\ shafts are httid with rail 
guides, for in .idilition to being rigid they are stronger than 



wooden guidis, and IneauM ot their lonn lhe> neid not Ik 
placed on both sides ot the cages, Idg 151 shows an arrange- 
ment ot such guides m an elliptical shaft, but the guides ina\ 
be attached to the outer buntdns so that the space between 
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the cages may be clear. Fig. 152 shows a coiiinum tnethod of 
attaching the gnide.s to the buntons, htit it is obvious that 
in removing u rail from the shaft for the pur}>o.s(* 4»f replacing 
it* it would bt‘ necessiiry to undo all the 
holts, but if the cJtair was made so that 
the clip on oiU‘ side was made reinox * 
abl(‘ repairs could be effected with 
greater s].H‘ed. It is important that these 
fixtures should Ih* capable of holding 
each rail in place without the weight of 
one being transmitted to another. Align* 
inent may be maintained by dowel pins 
st't in one end of each rail registering 
with corresponding rece.sses in the rails 
opposite*. When the s|XH*d of winding 
is high fru'tional resistance is reduced by 
the Use of a double-roller .shoe attach(*d 
to the cage, and the risk of impact at 
joints is eliminated by the use of a shoe 
like that shown in Fig. 153. 

Rope Guides. When shafts are spacious, as in the ease of 

< in iil.ir sh.ilts, there is no better inelhod of guiding eages 

than bv flexible guides, pro 
vided eaie is exerris<‘d in 

placing tlu* gukU‘S in |iositioii 
an<l maintaining Ibeni in a 
state of constant tension. 'rh<*y 
are said to lx* inon* costly than 
wooden guides in first cost, 

but there is no doubt that \Uv\ 
are mueh Ic^ss costly to main* 
tain in goo<l condition. Th<‘y 
can certainly be installed witli 
much less ilifhculty than iron or steel rail guides, and they 
are at all times most suitable for winding at high spetxis. 
Fig. 154 shows three forms of rope guides, two of them being 
of locked-<‘oil construction. Guide ropes mav lx* from i in. 
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to 2 in. in diameter, depending on the depth of the ^aft and 
the loads applied to them. The following particulars relate 
to an installation of guide rods in a shaft looo yd. deep — 


Number of conductors 8 

Circumference of conductors 3 In. 

Type of conductors locked coil 

Weight per fathom 37 lb. 

Total weight on each conductor .... 8} tons 
Breaking stress of each conductor .... 88 tons 

Factor of safety 6 tons 

Material ........ mild steel 


In addition to the guides already mentioned, there are two 
rubbing ropt^s between the cages, each 6 J in. in circumference, 
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and weighted to the same e.\tent a.s the conductors. Having 
regard to tlie equality of vibration in rope.s of the same 
material and equally weighted, it lia.s been suggested that tlie 
weights hung on the guide ropes should differ in order that the 
ropes might vibrate at different rates, and therefore tend to 
neutraii7.e the tendency to oscillation of the cages, and thus 
avoid collision of the cages. Such a contingency may be 
prevented by the susjx^nsion of the guides in the positions 
shown in Fig. 155, where there are four guides to each cage 
and two rubbing rojx's between the cages, the latter having 
rubbing pieces attached to them. 

Methods of Suspending and Weighting the Guides. Guide 
ropes are suspended from the headgear by means of clamps 
resting on the cross bt'ams. and they are weighted at the bottom 
of the shaft by applying cheese-weights to a rod with foot-step 
attached by a capping to the guide rope as shown in Fig. 156. 
The ropes are also fastened by clamps to the baulks below 
the cage landing at the bottom of the shaft. 
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Cag» Sloes for Rope Guides. Fig. 157 shows one form of 
shoe such as is attached to the cages for the purpose of securing 
the latter to the guide ropes. Bushes c of cast-iron, brass, or 
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KoPK (tUIUES WKUiHltNC ClUIDB Ho!*|ES 


gun-mctal, sunound tho guide rope, and thew' an* fastened 
by a strap d that is secured to the !>ase-plate a by tlu* rivets e. 
The length of the shoes should be abcmt twelve diamcders of 



1 *IG 157 ('age Shoe ior Fu; 158 Hioii) Guides 

Hope (Utides at Landings 


the rope, and there should be two sho«*s to each rope. A 
simpler form of shoe is made entirelj' of wrought-iron, and 
consists of two pieces, one riveted to the cage and the other 
bolted to it. 
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Rigid Guides at Landings. It i«i nect*.ssar> that the cages 
should pass into rigid guid^•^ when it is desired to change tubs 
from the cages to the landing or vict‘ versa . These rigid guides 
are attached to buntons or bt‘arer^ ] placed across the shaft, 
and extend from Ix^low the shaft mouthing to some distance 
at>ove tht‘ normal pwisition of tin* cages Similar guides are 


Shaft 



I l«. I -JM Um \N< LI» I’J Ml i»KM 


piovided at the Mirtau , and theso t \t< ml fioin under tin* bhalt 
collar up into the headgear U* tin to]) ot the cage trann* 
Idg 158 illustralt's such an arrangement as might be provided 
at the bottom of tin* sh.ift The einlb of the vertical woodt ri 
gnidr‘s are tajx*red to facilitau* entrance to tin* angle 01 < hannel 
gnules attached to the suit's ol tin* cages 
Balanced Platform, l ig. 15(1 shows an auxiliarv tagt* 01 
platform that is sometimes used at the bottom of shafts in 
which the winding cages have mort' than one cieck. Such a 
balanced platform is used to enable the changing of the tubs 
at the bottom of the shaft to he carried out independently of 
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tht operations at the Mirfate Flu platform nuts m tln^same 
rigid guides da tlie cages, and is suspmded h\ t\^o ropes that 
|>ass over pullt^s P at oppusiti sidts of tht cagt s|>aces, then 
a few timts round tlu Hat grooxed pune\s D and oxer the 
other pulle\^ Pj to the back-balantcs H Ihi balance is 
sufiicientlv hca\\ to raist the tmpt\ balanttd idatform and 
the motion is (ontrolhd In tin brake on tlu pulkv I) tin 
brake being optrattd by the hangt i on at the h mdh H whuli 
IS placed in a tonNtniint jxisition WhiU tht winding cages 
are running in tht shift the hangt 1 on riltasts ilu biakt and 
allows the platform to rise to the U\tl ol tht mouthing to 



rtttiM tli( tagi witli iIh empty tubs With the pialloim m 
this fKjsition tht empty tubs on the liottorn d« tkof the winding 
cage arc rt placid In loaded tubs from the mouthing llun the 
platform is illowtd to dtsitiul til! tlu uppu deck iinyts at 
tht lt\<l ot th< mouthing wilt n tht tubs an chingtdas bt toit 
the wholt <j|)<rilioii iKing in tlu hinds ol tlu hanger on and 
indt pt lukiit ol tlu tlttkiiigof tlu t igt at tlu surfict Obvi 
oiisly tlu dttking at tlu surfatt must also begin with tlu 
lower deck so that tlu ojh rations mi> be imkptndent ot 
each t)thei and tlu system may bt applud to dt eking of 
cages with two or mon decks 

Winding Ropes and Cappings llu >lit iigih and < oiistiiu tioii 
of loju s h i\ e h« e n tre atetl of in C haplt r \ and it only re m iins 
to add tliat winding ropt s an ittaelud tt> tlu biidle chains of 
cages b\ means of a capping of some form big lOo shows a 
common form of capping foi use with winding io|>es It 
consists of a wrought iron or steel loop that has been forged 
out of a kmgth of square liar iron to form a roiiK al socket for 
the conical formation e»n the < nd of tlie nqu In capping the 
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rope it is bound with copper wire for a length equal to that 
of the cappings a like length of the rope being left unbound 
at the end of the rope. The wires at the end of the rope are 
cleaned and opened out, and after having been cut to various 
lengths they are l>*3nt back over the bound portion to form a 
conical termination. The binding rings are then slipped over 
the end of the rofxj, and when the capel has been placed in 
position the rings arc hammered down into position one after 
the other until the rope has been gripped firmly in the capeL 
Tests have proved the cainil to be quite as strong as the rope. 
The conical termination may also be formed without bending 
back the wires, by wrapping them in the same way and cleaning 
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them with some neutral cleanser such as ix^trol. The brush of 
wires is then placed in a mould and white metal is ^wured into 
the mould to form the cone, which when cold is placed in the 
ca|)el and secured in position by the ring.s. The latter form 
of capel is strong and possessi's the advantage of being easily 
made and renewed. 

“ Reliance ” Capel. This is a very efficient and simph* form 
of capel. As is .shown in Fig. i6i. it consists of a loop similar 
to the last, between the sides of which two wedge-shaped pieces 
of iron are placed to grip the ro])e. Clamping rings are driven 
over the cajxd to tighten tlie sides of the loop on the wedges, and 
when the load is applied the wedges are still further tightened as 
they are moved towards the open end of the capel. The wires 
need not be ojK'ned out at the end of the rope, but a block of 
white metal may be cast on the projecting end of the rope to 
give added strength and to enable the movement of rope in 
the capel to be observed from time to time. 

Socket Capel. Fig. 162 shows the proportions of the socket 
capel, which consists of a steel forging. The simplest, and a 
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most efficient* means of attaching the socket capci to a rope 
is to pass the rope through the capel, drive a tapered mandril 
into the core of the rojv to form a cone, and draw the rope into 
position suspending a load on it. A capel of this form when 
tested to destniction held till the ro\Hi hn>ke. An alternative 



meth(xi of making the capf)ing is to open out the wires, cleanse 
them with p<.*trol and dry them over a coke f'lre, (hen coat the 
wires lightly with powdered resin. The socket is then heated 
as hot as the hand can hear, then it is drawn back on the 
prepared wires and lillecl with molten white metal. It is 
required by law that the melting point of the white metal 
should not exceed 570® F., and the j)ouring temperature 
685" F. 

Important Statutory Requirements. The Coal Mines Act 
and subjoined Regulations and Orders should be studied in 
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relation to winding and haulage, and the following sections 
are worthy of note-'* 

1. Detaching hooks shall he provided in vertical shafts. 
(Sect. 40 (2).) 

2. Automatic contrivance shall be provided in vertical 
^shafts exceeding 100 yd. in depth to prevent overwinding. 

(St'ct. 40 (2).) 

(iuides shall lx* provided in every working shaft over 
50 yd. in dejjtli, and in every shaft in the course of being sunk 
over 100 yd. in <lepth. (Sect. 40 (3).) 

4. Keps shall be provided at the surface. (Sect. 40 (4).) 

5. Winding ropes shall be recapped at intervals of not more 
than six months. (Sect. 40 (5).) 

b. (\iges shall be provided with catches, fenced sides, gates, 
and rigid bar. (Sect. 40 (7).) 

7. Rods shall not be us<‘d for attaching cage to winding rope 
unless through the nu'dium of an eiheient spring. 

8. Klhcient brak<‘s shall be attached to drums used (or 
raising or lowt ring p<‘rsons by mechanical powt*r, and a depth 
indicator shall lx* provided, (Stxt. 40 (10).) 

<). When tiio deptli t*xceeds 25 yti. an eflicient syst<*m of 
signalling shall be provided. 

10. Tlie capj)ing of a winding ro]X' .shall withstand a strain 
sewn times that ot (he inaxiinum load. (Gen. Keg. 83 (a).} 

11. The capping of a haulage rope shall have at least Oo }H*r 
cent of tlu* breaking strain of the rojK*. ((ien. Keg. 83 (/;).) 

12. Rivets shall not be used in capping a winding rope, 
((ion. Keg. 85.) 

13. Melting }>oint of white metal shall not exi t ed 570'’ F.. 
*ind the pouring temperature (>85 F. 

14. When white m<‘tal is used ware shall be cleaned and the 
socket shall he heateif to 212 ’ F. (Gen. Reg. 88.) 

Use of Detaching Hooks. Where the apparatus ordinarily 
used for raising or lowering )X‘rsons to or from the surface is 
worked by intHrhanical power it shall, if the shaft is vertical, 
be provided with a detaching hook. This provision is intended 
to ensure the safetv of persons should the cage in which they- 
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an* riding bt* raistnl tin) high abini* tho ordinary banking levtd, 
Th^ ohjoct of using a (U taohing htH>k is lo relrasi' tho ro|H' in 
the cask; of an overwind and to siis|H'nd the cage in safety. 
Several forms o| detaclung lunik are in use, hut only three an' 
to lu* dt'scrilu‘<l hen*. 

Ormerod's Detaching Hook. Fig. shows the UiiuckkI 
hook to consist of tliree sDxl plates that an* pivoted about a 
central bolt, through tlu* nut of which a split pin is seen to fiass. 
Tilt* ropi* capt ‘1 is attached tt) the up]>ci sliackle and th< 
cagt* c hains aiv att*iclu‘d to the lowt'r om*. W hen assembled 
in wt irking older a copjHT pin keeps the plates locked in such 
a position tliat tlu‘ upper .shackle is ht'ld lirmly in pisition, but 
should the luiok l>e raistnl into tiu' l>t*ll in the ht*adgt‘ar tin* 
lower ends of tlu outtu* and central platt*s //// are pressi'd 
together, the co})|H‘r pin is shorn aiul the upper t i.^b tif the 
plates are jiress^'d <nit wards, thus releasing tlu* upp' i* shacklt . 
Tlu‘ hook is caught in th<‘ hell by the* calt'lies formed on the 
plates, as .seen in the third and tourth views, anti the* cagt* is 
thereby suspended. To release the cage again tin* shackle A 
is attached to the central plate and the liook is lowt*r(*d down 
through the lieJl. I'iie cagt* is .su]>|Kirted on the ki*ps or b(*ams 
placed acro.ss the shaft, and the hook is readjustetl to its 
nornhd position in n.idiness ff>r tin* nsumption of wintling 
o|)erations. 

Walker’s Detaching Hook. This hook tonsisis of two 
specially formed levers that* art* pivtited about a central htiU 
/), seen in Fig. 1(14, and these are normally held in jKisition by a 
heavy stt‘t*l collar c, through which pa.sses two copper rivets 
nIiowu at (i. In this (xisition the shackle attacht*d to the nipt* 
capel is held tirmly in jKisititiii, but should the cage be over 
wound the collar c engagt's with tin* sides of the bell, the rivets 
are shorn, and upper ends of the levers are raist*d through the 
hell and the roix* is n*Ieased, but in being pressed outwards 
the catches are forced into the positions in which they catch 
the upper edge of the so that the cagt* is held sus|>ended 
by the hook on the bell. Tf) restore the luKik to its normal 
position the cage is proppf-d up and tlu* hook is taken from 







Fig 163 Ormerod’s Detaching Hook 
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the bi‘ll ** formed in the supporting beams« if a metal om 
is not provided. The hook is reassembled and winding resumed. 

Wrist’s Improved King Hook. Fig. 165 exhibits the main 
features of this form ol detaching hook. It is seen to consist 
of four plates, the two outer ones bi*ing fixed and enclosing 
the two inner movable ones, 
which can move about the 
strong central pin shown under 
the upper shackle. The copper 
pin b}’ which the plates are 
held together in tlu‘ir nonnal 
relative positions is shown 
Ix'low the main bolt . The outer 
plates are of the same width 
up to the spring of the up|H*r 
curve, but the inner plates have 
catches formed on opposite 
sides, and their lower jwrtions 
are so formed that when the 
hook is drawn into the bell the 
inmr plates are pressed in at 
the bottom, thus shearing the 
cop|X'r pin and pushing tlu* 
catches outwards to c.ilch the 
plates on the top and near the 
bottom of the bell and suspend Dkiac’hino Hook 

the cage while the shackle is 

released. The hook is removed from the bell by using a longer 
shackle than that ordinarily used, the pin of the shackle being 
passed through the hole above the central bolt. The bolt 
passes through all four plates, and so the hook may be raised 
in the bell and the inner plates pressed inwards to allow the 
cage and hook to descend. The cage is propped up on the 
keps, or on beams laid across the cage space at the banking 
level, and the hook is reassembled in the normal position for 
winding. 

Care in Use of Detaching Hooks. Care is necessary in 

ao — (T.5468) 
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ASM-mbling tin- M-verdl parts ol the hook to sec that the central 
l>oIt IS properly fitted and that the nut securing the plates 
m position cannot work I<H)se, and in htting the hook together 
a t«-st should ht' applied to th<- copper pin to ensure that 
normallv the pin is not subjectcfl to shear The plates should 


^ . . I 



I 


Tic. 165, \Vkh»hi's Imikomij Kistf fionK 

U* i xdiimiril |H*no(lK\illv diitl, afttT cleaning, they ^lioiikl hv 
lubricated to ensure their projHT action in onuTgency. 

Headgears. H(»adgoars| are necessary to enable loaded 
tubs to be raiM‘d to -«ueh a height cus is required to facilitate 
tlie coabscreening op<Tations, and since provision must also 
Ih» made for the effective use of detaching hooks in the case of 
overfunds some height must allowed as a margin in which a 

^ See ** Colliery Headgears,** by Wardell, in CoUtery / ufjtpieering, 
March, 1Q244 



WINDING AND WINDING APPLUKCE^ 29 $ 

]H>ssible i)v*‘rwind might be avoideil. If an automatic con- 
troller is fitted to the binding engine it might not K* neccssar>' 
to provide such a margin of height as would be provided were 
no controller installed. Obviously the height of the banking 
lev(*l IS also an imjxirtant factor, for if the banking level is at 
ground level the headgear might be 20 to 25 ft. lower fnim 



}M<> ( IIANNKI SlFKL IIHAIX.LAK 


tlie ground level to the centre of the pulk^ys than it would be 
in the general caM‘. Headgears are made of wood, steel, or 
reinforced concrete, and tliere are a great varu*ty of designs 
whatever the material of construction may be. Fig. 166 shows 
a channel steel headgear (by Jessop & (‘o., London) with the 
main dimensions. Headgear pulleys may be made of cast steel 
or cast*iron, or they may be constructed with wrought-iron 
or steel arms and cast bo.ss and rim. llie shaft is made of 
wrought-iron or steel, and the journals are hous<*d in pedest^s 
^ which provide for siphon or Stauffer lubrication. 
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Having regard to the inertia of pulleys, it is advisable that 
they should be made of hght but strong materials so that they 
may be easily set in motion and unlikely to continue to revolve 
when the wind has been completed. In the latter circumstance 
the rope might mount the rim and lead to serious acc ident. 
If the reader examines a headgear he will be quite likely to 
find that the feet of the back stays are set back against the 
front of the winder, and may even be placed on the foundation 
pillars of the winder. This is done to ensure stability of the 
frame under the greatest load, and it is easy to see that the 
bark stays of the frame would have to be set farther back if 
rigid guides were used to guide the cages than if wire guides 
were used. 

Winding Drums. The winding drums commonly used in 
this country are either cylindrical or C3dindro-conical, but 
there are still in use some of those enormous drums that are 
much more conical than cylindrical. Cylindrical drums may^ 
be made in one or two parts. When the drum is made in one 
piece the two cheeks and central supporting ring are made of 
cast-iron and these ar<‘ keyed to the drum shaft. The brake 
rim is cast on one of the cheeks and the cylinder is formed by 
ii lagging of oak battens bolted to the cheeks and the central 
su})]X)rting ring. The winding ropc'S pass by^ a cur\ed path 
formed on the cheeks of the drum to the interior, where a 
length of rojx' sufficient to allow for recapping is wound on a 
small dnim attached to each drum cheek. The auxiliary^ drums 
are loosely fitted to the drum shaft, but are capable of being 
fixed by*^ bolts passing through thim into the main drum 
cheeks. The drum cheeks may" also be built up with straps 
of wrought-iron attached to octagonal bosses key ed to the 
shaft. Drums made in this way are lighter and enable economy 
to be efiected in the use of power and in the initial cost of the 
winder. When it is necessary to raise coal from two different 
levels in the shaft, two drums of different diameters arc attached 
to the drum shaft. Cylindro-conical drums are designed with 
the object of securing a balance of load throughout the w"inding 
operation, and this is attained by having a combination of a 
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small c>’lindrical drum and a larger one with a spiral leading 
from the one to the other. 

Harworth Main Colliery Drum. This drum* was designed 
and made by Messrs. Vickers, Ltd., Barrow. With the excep- 
tion of the drum chet'ks, which are of cast-iron, the drum is 
built up of stwl plates. The large cylindrical portion is a6 ft. 
diameter over the lagging and 74J in. wide between the 
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flangt's. ll IS made in four parts of i-in. plaU*, stiffened inter- 
nally by two pairs of 15-in. by 4-in. channels arranged hack 
to back, and is united to the scroll j)lates by 6-in. by 6-in. 
angles. The scroll plaU*s are J in. thick, and each Ls made in 
eight sections. These an' connecte d to each other and to the 
drum cheeks and cylindrical jxirtion of the drum by 8-in. by 
8-in. broad flanged berims with two 8-in. by 6-in. beams as 
intermediate stiffeners in each section. The drum cheeks have 
eight arms cast integral with the brake paths and the small 
diameter starting portion. They are made in halves united 
b}’ tw^o 4-in. bolts and four shrink keys recessed in the bosses 
* Colliery Engineering, Sept., 1924, page 315. 
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which arc 40 in. diameter and 28 in. wide. Scroll iron riveted 
to the scroll plates carries the rope from the small diameter 
to the large diameter in 10 turns. Two cast-iron reels are con- 
tained within the drum each to hold 300 ft. of rope, and the 
brake paths on each side of the drum are 16 ft. in diameter and 
12 in. wide. Another form of drum of this t^pc is shown in 
Fig. 167. This drum was .specially designed for an electric 
winder by Messrs. Fra.ser & Chalmers, Erith, and it is seen 
that the conical portions are placed in the middle of the drum, 
and the cylindrical portions at the ends. This combination of 
the cylindrical and conical dnuns has been designed to reach 
a compromis<j between the efheitmt and costly dnim of the 
('oniccil type* and the less (*flficient and h*ss costly cylindrical 
drum. It is lighter and clu‘aper than the larger conical drum, 
and proMd<*s a c<miral .section sufficient to gh'e Uie mressary 
(umnterbalance at the beginning and end of the wind. 

Negative Load, ( onsidti- the case in which 4 tons of coal 
arc to be raised in 8 tubs, each weighing 10 cwt., in a cage 
weighing 6 tons, and that the weight of the winding rope is 
8 tons. .At the lieginning of the winding operation the loads 
are as tollows 



I.oad sid^ 

. . <* tons 

(age 

ICmpty side 
. . • 6 tons 

rubs 

• - »t 

Tubs 

• 2 

Coal 

. 4 .. 

Coal 

. nil 

Hope 

. 8 

Rope 

. . , nil 


*•0 tons 


8 tons 


Phis shows a jK)»iti\e balance of 12 tons, but at the end of 
the operation the loads are as follows — 


I.oad suU* Empty side 


Cage 

. 0 tons 

Cage 


. 6 tons 

Tubs 

. . 1 

Tubs 


2 „ 

Coal 

• 4 M 

Coal 

, , 

. nil 

Rope 

. nU 

Rope 

. 

• 8 tons 


12 tons 


16 tons 
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Tliih ^lUuws that there is a load oC 4 tons operating in (avoiir 
of the winder, for whidb reason the load is called negative load. 
It i.s seen that the negative load arises from the transference 



of the weight of the rope from 
the load side to the empty side, 
and that the amount is the 
difference l>etwe<‘n the total 
weight of rope hanging in the 
shaft and the weight of coal 
lM‘ing niisetl It is of interest 
to note that a static balance 
might be obtained at tbret‘- 
(|iiarterN of thr depth oi the 
shaft 
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Counterbalancing Negative Load. The iinxicTn metliods of 
counterbalancing negative load are : (i) By the use of a tail- 
rope. (2) By the use of oylindro-conical drums. {3) By the 
Ko€pe system of winding. 

Tail-rope System. In this system a tail-roi)e of the same 
weight per fathom is attached to the bottom of both cages ns 
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shown in Fig. 168. the rope being allowed to form a natural loop 
in the sump or to pass round a pulley in that position. In 
raising a loaded cage from the bottom of a shaft the weight of 
cage, tubs and rojxi on one side is balanced by the corre- 
sponding weight on the oth(T side, and consequently the net 
load to be dealt with by the winder is that due to the weight 
of coal being rais4*d , but as the load has to be accelerated from 
zero velocity to full speed, and that speed is maintained for 

//U/>SJ: POmM. rOflQL/£ 



Im<'. if>u Torque ano Hok^f i*<aver Dia^.uam 

some tim<\ after which the 5>pe<‘d is leduied h\ application 
of the brake to zero again, it must b(‘ apparent that the effort 
of the engine is a varying one. The \ ariations in torque and 
horse-power are represented in Fig. ibq. During the first period 
of constant acceleration the torque is constant, and the power 
increases to a maximum when the speed becomes constant. 
Since the speed is now uniform for a part of the whole period 
the torque and power are constant and less than their maxi- 
mum values during the acceleration of the load and rotating 
parts of the engine, and when the speed begins to diminish 
to zero by the application of the brakes the torque and power 
become negative. 

Counterbalancing by Cylindro-conical Drum. When conical 
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drums were used it was with the view of ha\’ing uniformity of 
torque from the beginning of the w^inding to the end/ a con- 
dition that may be represented by the following equation — 

{W w^)r - i4»A* — \V X R - (le + wv)r 
where W - ; w’eight of loadeil cage in lb. 
w .. empty .. 

Hr — ro|K' in lb. 

R - maximum riKliii.s of drum in feet 
r minimum 

Kntm'ing the values of the S4‘vend loads and the minimum 
radius of the drum (usually not less than So tiuu s the radius 
of the winding rope), it is jHKssible to evaluate R in order that 
the balance of torque acting .igainst IIm' winder would be 
uniform . 

Example 70. C alculate the maxiinuin ladius of a conical drum 
to (leal uith the loads set out on page 2ifH ; the nuniinnm radius 
Uing 7*5 tt. 

Solution. 

ni' * - wJi irii’ - {/e } i» 

(12 1 8)7-5 8/^ 12 A* - (8 t H)7-5 

130 ~ HR r 1 2 A* - 120 
R - 13*5 ft. 

There could not be any negative load if <1 conical drum 
having these proportions was usc'd to deal with tin* given loads, 
but if the drum is made of the cylindro-conical having 
several turns of rojH' on the cylinders of maximum and mini- 
mum diameters its width may In* less than that of a conical 
drum having tlu‘ same rope* capacity, and const'quently while 
the torque may not be uniform throughout the winding the 
drum may be made lighter, which is an advantage from the 
viewpoint of power consumption. It is clear that the negative 
load has been counterbalanced. 

Ko6pe S 3 rstem of Winding. An outstanding example of this 
system of winding is that installed at Plenmeller Colliery. 
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Haltwhistle. The drive is electrical and the winder is placed 
on thrhcadgear beside the driving pulley. As is seen in Fig, 
170, the winding rope passes from one cage over a headgear 
pulley, round the driving pulley, and back over the other 


HE/ID GEAH PC/LLEVS 

mj.EYS 
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hMdgear pulley to the other cage. A tail rojie atlache.l to 
the bottom of the cages and hangs in th*‘ sump as a natural 
l<wp, beinf^ prevented from kinking by passing round a parti- 
tion or a pulley. The load on the driving jmlley is just the 
weight of coal plus the force nccessaiy to accelerate the load, 
and since the inertia of the driving pulley is small the power 
required to put it in motion is also small. It is sometimes said 
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that the tendency of the rope to slip over the driving puQey 
is such as to render the system unsatisfactory in vroridng, but 
it may W ^ovm that while the normal arc of contact between 
the rope and the pulley about the minimum arc neces- 
siirv is much less. It we suppose that the weight of coal, 
cage, tubs and roi)e on the load side is 14*5 tons, and that the 
weight of coal l>eing raised is 3 Ions, the \'alue of the angle B 


in the formula ma\' be found. I vi /i - 0-3, tht? 

* 2 

co'tflicient friction «>1 bteel on the wotul liiud groovt* ol the 
dii^’ing pulh'v. then 


and log { log 2*718 

11*5 \ii*5/ 

/i 0IU04 

077 i.idum nr 44' 

(.•i . 0*4 Mi 

Load on a Winder, 'flu total l<*ad on a winding engine 01 
motor is tlu‘ dilterence belwt en tht* sum ol the loads and t‘qmva- 
lenl lo.ids on the upcoming .sid« and the juill on the downgoing 
sid< . The forces operating t»n the load sidt* of the engim* are : 
(I) Matic Ktatls (2) Foire rttpiirt'd to atreleratt* load. (3) 
I'rktion ol (age shoes on guides (4) horees required to over- 
come im‘rtia of driiin and pulley (5) Hcmding stresses in 
winding roj^*. 

Ihe static load at the commenu mt nl ol the winding is the* 
sum U' of the w'eights of coal. cage, tubs and lope, stated m 
j)ounds. I'he force required to accelerate the load IF, basc‘(i 
on Newton’s sc'cond law of motion, is c*xprt‘ssed by P = Ma - 
W 

— a, wiicre a is the- acceleration in ft. j>er sec. per sec. P is 

given in pounds. When a load IF is movc‘d in contact with the 
surface of the guides a force F must be; applied to overcome 
the frictional resistance. In the ca.se of cage guides the value 
of fjL may be taken as 0 015. hence F ~ W o oifyW. 

The force wdiich may be said to act at a distance equal to 



304 


MINING MACHINERY 


the radius of gyration from the centre of a drum may be 
reduced to the radius of the drum, or that part of it upon which 
is coiling the upcoming rope. The pull on the downgoing rope 
may be reduced to the same radius by the same method. 

Let W 41 ^ weight of drum in lb. 

K = radius of gyration of ft. 

R = radius of drum in ft. 

g = gravitational constant = 32*2 

T = force at radius of gyration reduced to radius of 
tlie drum on load side in lb. 


Tlif equivalent force T == 


gR^ 


The same exj>ression may be applied to the headgear pulley 
to find the equivalent force reqiiinci to overcome its inertia. 

The load equivalent li of the bending stress of a winding 
rope is dependent on the flexibility of the rope, and is 
commonly estimated as varying from 0*3 to o*5ir. 

Size of Steam Winding Engine. The simplest form of wind- 
ing engine is that in wliich there are two cjdinders with their 
pistons connected by means of connecting rods to the pins in 
two cranks that are connected to the drum shaft at right angles. 
Since one of the engines may be on a dead centre at the com- 
mencement of the winding cycle, the other should be capable 
of developing the power necessary^ to raise the load from rest. 
In stating the equation of work for the determination of the 
chief dimensions of the cylinders, the work done during the 
first revolution is considered to be done in one cylinder, thus — 

Work in engine — work done on load 

^ X P X 2 L X E — nD X netlo-dinih. 

4 

, 2L>xnet load in lb. 
and a* « 


PLE 
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where d 
D 
P 

L 

E 


= diameter of cylinders in inches 
= M „ drum in ft. 

== effective steam pix*ssurc in lb. per sq. in. 


/ 2 d 

length of stroke in fc<^t I ~ — or 2*5 

\ 12 

= mechanical efficiency of the engine 



Example 71. A puir of couplc<l winding engines are to 
installed to raise a load of 2 Ions of coal per wind from a depth ol 
200 fathoms, the steam pressure Ndng 100 lb. per sq in . and the 
weight of the parallel drum 20 tons. The (liamet<T of the drum is 
14 ft., and Its radius of gyration is 5 ft. h'lnd the chief dimensio*'.s 
of the cylinders. Let a = 6 ft. sec.* 


Solution. Since the weight of coal being raised is 2 tons, the 
weight of tubs may Ih‘ taken as half of that, and tiit, weiglit of 
the cage, chains and hook e<jual to the weight of the loaded 
tubs, therefore the load -- 6 x 2240 -* 13,440 lb. 


r* 


P 


F 

T 

B 


I ^440 


2v^ lb. pet fathom 


890 20<l 

U>i e 200)6 

0*0 1 5 IF 0*015 *7.44<> ~ 

""L if J A* - , o lb 

0*4 '< 17,440- 69701b. 


3-2 19 ll> 
2O2 lb. 


The sum of the load and e<iuiva’en‘ loads is 28,643 lb., and the 
weight acti ig in favour of tiic engine ef[ual.s the weight of the 
cage and the empty tubs, i e. 4 x 2240 =r- 8960 lb., therefore the 
unbalanced loa<l - 19,683 It). 

In finding the diameter of the cylinders we may assume the 

length of the stroke to l>e - — — , hence — 

12 


d* 


M i_2_x_5 ^ 

xoo X 2-$d X 4 


d = 32 in. and L »= 6*66 ft. 


28 X 19,683 X 60 


1000 
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Summary. 

J>iametcr of cylinders 
Length of stroke . 
Steam pressure 
Weight of rope 
I )iameter of drum 


. 32 in. 

. . 6 ft. 8 in. 

. 100 lb. per sq. in. 
. . 20 lb. per fathom 

. 14 ft. 


This example has Ix en given to show that the problem of the 
winding engine is not really so simple as is indicated by the 

y 7-7iv 

'^p is the static imbalanced 


load, but since the design of a winding engine is the work of a 
specialist, the ordinar3’^ reader need not attempt a more exact 
solution than that given. 

Winding Engines, llu' duty of a winding engine is to raise 
coal or rocks from tlu‘ mine through a vertical shaft, and 
in addition to lowtTing and raising the w^orkmen emplojTd 
underground the t'ngine must be ca])able of handling such 
plant or machinery’ as rnaj’ have to be sent underground with 
perfect sim]dicitv and under complete control. 

Winding engine's are divisible into the following classes — 

1. Single-cylinder engines of the non-condensing type. 

2. Two-cylinder engines of the non-condensing t^^pe. 

3. IVo-cylinder cr<iss-com|X)nnd engines using steam ex- 
pansively. 

4. Four-cylinder tandem compound steam engines. 

5. Electric winding engines driven b^^ continuous current, 
t)r alternating current, or a combination of D.C. and A.('. 
s^'stems. 

Engines of the first class are commonly- geared, those of the 
second class may or may not be geared, but it is usual to have 
engines of the third and fourth classes directly" connected to 
the cranks or the drum shaft. Electrical winding engines may 
be geared or they may be directly connected to the drum 
shaft. Of the various kinds of steam engines, it is most conv* 
monly found that the two-ejiinder, non-condensing engine 
is used at collieries, and as the exhaust steam from the winding 
engine may be discharged into a heat accumulator at a pressure 
of five or six pounds above atmospheric pressure, it is possible 
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to generate electric or compressed air power by driving gen- 
orators with the exhaust steam in low- or mixed-pressure 
turbines. If it is unnecessary" or undesirable to effect economies 
in this way, compound engines may be instalU^ to take 
advantage of the exjxinsive properties of the steam. Exjiert 
opinion is divided on the question of the economu' advantage 
ot electrical winding engines, hut there can bt‘ no division 
of opinion on the mechanical advantage of these niachines 
and their reliability has been completely established. Having 
regard to extent of the subject ami the limited space axailable. 
we shall c(»ncern <»urselves mainly with the most commtm tv|H's 
of and electrical winding engines. 

Coupled Non-condensing Winding Engines, b inding eiigim s 
ot this ty|>e < on.si>>t of two cylinders that are littetl with pistons 
which are connectt‘<l to the cranks on the drum .shaft by means 
of piston rods and (onnecting nnls. the cro.ss-head )iinction 
between the 1. it ter ninning in bai or trunk guides. In the case 
of the .smallei si/es oi these engines ihi‘ distribution of steam 
IS effected by means of onlinarv /> slide valves, which are 
ai tiiated h\ cKeiitric sheaves tilted to the drum shatl, the 
motion being loinmnnieated to the valv'es by ei'cenliic straps, 
connecting tods, and Stephenson link gi’ar. Tb<‘ H‘versal of 
the <‘ngine is effected by ;i hand-lever, the steam is atimitted 
by a stop valv»* (throttle-valve), and the brake, wliicli nnist of 
necessity be applied direct to tlie drum, may be actuated by 
liand-lever oi a foot-tramp. At the <*(»mmencement ot a 
winding the i ngineman gives a lull throttle to the steam, 
and when the speed has attaint'd the maximum the entry of 
steam is t het ketl a litth* to admit ol the engint* running at 
full s|)eed hu the desired jH*riod. ami at the completion that 
|)eriod the steam ist ut off at tlu‘ throttle- valve to admit of the 
remainder of the opiTatioii being completed by the energy of 
the mas.s(\s in motion. During this last ]MTiod it is necessary 
to apply the brake, and it mayhi* m‘ce.ssary to a}iply steam to 
the pistons for the purpose* of bringing the engine to rest. 

When engines are ot large dimensions it is usual to have 
them fitted wdth Cornish drop-valve gear, or Corliss gear, with 
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suitable tripping gear to enable the steam to be used expan- 
sively, and. therefore, with economy. The valve-gear may be 
operated by eccentrics on the drum shaft, by eccentrics 
attached to the shaft of a drag crank, or by eccentrics attached 
to a lay shaft running alongside the engines as in Fig. 36. The 
reversal of such engines is almost invariably effected by an 
auxiliary steam-engine, and the brakes may be operated either 
by steam or by a foot-tramp. Such engines must be fitted with 
a depth indicator and some mechanism which will prevent 
over-speeding or over-winding, and provision must be made 
for the transmission of visual as well as audible signals from 
the onset ter and banksman. 

Melling*s Patent Steam Reverser. It is an essential feature 
in a steam reverser that the engine should resjwnd immediately 
to the action of the winding engineman, and that is a feature 
which is possessed by the Melting steam reverser. Fig. 171 
is a sectional representation of the reverser, and it shows the 
connections to the reversing lever and the Stephenson link 
gear. It is seen that the steam cylinder is placed directly 
above the water cylinder, which is completely submerged in 
the water contained in the tank in which the apparatus is 
placed. Piston v^alves attached to the extension of the rod G 
control the Jidmission and ejection of steam and w’ater from 
the respective cylinders, and it should be noted that the 
middle one of the three pij>es connected to the steam cylinder 
is the inlet pip>e, the others being exhaust pipes. When the 
engineman pulls back the handle of the reversing gear the rod 
G and the valve rod O are raised, thus admitting steam to 
the upper side of the piston A and allowing water to pass into 
the lower cylinder B, through the port between the valves, 
to the upper side of the piston. Meanwhile the water on the 
under side of the piston is ejected through the lower port into 
the tank. The downward movement of the pistons is accom- 
panied by a similar movement of the rods G and 0 , and the 
steam and water ports are simultaneously closed, thus pre- 
venting the admission or ejection of steam or water and holding 
the reversing gear securely in position. When the reversing 
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huDdle Ls moved fonvani the direction of motion of the pistons 
IS reversed and the in the Stephenson link is made to 

Reversif^ fiaffdh 

I i Jj Connection to Hi/ye Gear 


Sht Link 
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running. Smooth working is a feature of this device, its action is 
immediate, and the pistons are securely locked in desired posi- 
tions. The mechanism should be kept thoroughly lubricated, 
and it is desirable that the tank should contain soapy water. 

The Whitmore Controller and Brake. The brake mechanism 
for either steam or electric winder must be perfectly reliable 
and at the same time positively and easily controlled. It 
must ess<mtially provide that : (i) Any desired brake load can 
be appli(‘d gradually and with certainty between minimum and 
maximum. (2) The brake load actually applied always corre- 
sponds to the same position of the control lever, otherwise it 
is impossible for the driver to apply any desired braking with 
certainty, (j) In case of necessity it shall be capable of holding 
the winder with certainty against full steam or electric torque 
as tlu case may bo. The brake engine should further be under 
control of a governor to eliminate entirely the ])ossibility of 
human * rror or failure. These conditions are completely 
fulfilled by the Whitmore controller and brake, made by 
Mes.srs. Fraser and Chalmers, Erith. Fig. 172 shows that each 
drum is fitted with post brakes operating on the specially 
prejMred brake paths of the drum clieeks. A brake engine 
A with cataract cylinder is fitted witli floating lever gear b}’ 
whi('h till* })()sitions of the piston correspond exactly to the 
positions of the brake lever. The w'ear on the brake blocks is 
automat iCidly taken up so that for a given brake load the 
opeiMting k‘ver is always in the siune position. 

Weights B are suspended by rod C from the cross-head of 
the brake engine. These weights put on the brake, while the 
power appli<‘tl under the piston raises the weights and takes 
off the brake. With this arrangement, should any accident 
occur to the steam or air aj>pliance or brake engine, the brake 
is automatically a^)plied. It is not usual to provide the weights 
to hold the drum against the full power pressure, as this is 
unnecessarx’, but they are ample to hold the drum against the 
ordinary wunding load, as under the w^orking conditions the 
lull load is applied partly by w'ciglit and partly by the pow'er 
applied on the top of the piston. 
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Rod C is threaded through a spring box D, which is free to 
slide up and down. This spring box bears upon the brake 
lever E and a spring or springs F contained in this box are 
compressed between the bottom of the box and the plate G. 
Brake lever E is connected to the top ends of the brake p)Ost 
drawing them together. The var>ang load is applied by the 
compression of sj)rings. the weights bringing down with them 
the top plate G, the position of each being controlled by the 
hand lever. The farther the hand lever goes over, the farther 
both weights and plate move downw^ards and so compress the 
spring more. The general arrangement in Fig. 172 shows the 
brake with about half-load applied. 

The maximum load is applied when the plate G is touching 
the sleeve rlistanct* pi<‘ce in the spring box, and the minimum 
load is applied when the collar / is touching the under side of 
brak(‘ lever /:, the springs being then fully extended. The 
jK)sition of the hand lev(‘r is then at about point 2, and in 
bringing back this to point i the piston travels up still 
farther, carrying w'ith it the weights and fixed collar J ; con- 
?»e(ju<7itly the brak<' lever E moves sufficiently far to give 
clearanc(‘ betw('en drum and posts. 

At the end of rod K th<*re is fitted a ratchet nut L mounted 
in the cross-head il/ of upptT brake lever H. This ratchet nut 
L has litted to it a pawi N mounted on a lever O. The lever 
() is conn<‘cteil by rod P to an ext<*nded arm of the brake lever 
E and comprises th(‘ take-up gear, which acts as follows : On 
tht' downward stroke of the brake lever E the rod P is moved 
upwards ; when the le\’er and rod E are forced down to a 
certain distance, pawl X will take up another tooth ; on the 
return or ujnvard stroke of the lever E the rod P will be brought 
downw'ards by thejever coming in contact with the collar 
on the bottom of rod P, and so screwing up the nut to that 
extent. The function of the citntroller, which is shown in 
fmnt of the starting lever, is to take the control of the winder 
out of the hands of the driver should he at any time make a 
slip or fail in his duties. A driver may at any time start a 
wind in the wrong direction, or fail in regulating the speed of 
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the wind at the correct time and so hnish winding at too great 
a speed, causing an overwind. It is, therefore, essential to 
safety working to adopt a mechanical device which is positive, 
prevention against such occurri^nces. 

Applied to steam winders, the overwinding pa'vcntion is 
combined with s|>eed governing gear, and is driveni from the 
drum shaft. It is arranged so that in the event of the cage 
rising abo\e a pn'-<letermined point without the spec^i l)eing 
reduced both the main steam throttles close ami the brakes 
are inimidiately, though gradually, appluxl. Should the driver 
not close his Ihrotth' at the given pi'riod in the wind, or for 
any other n ason exce ed a ctTtain pre-determined maximum 
speed, the over-winding gear closes the throttle valve and 
gradually apj>lies the brakes until the engine is pulled up. 
This i^ at a ])oint before it reaches the end of the wind. 

Tht' same ]>riiui]>le is adapted for A.t\ electricall) -driven 
wind*Ts. tlu‘ only difference being that the actuating gear 
operates on the main nu>tor |H»vvei circuit instead of the steam 
engine throttles The over-winder includes a depth indicator 
and s)H‘ed govenior driven by ]>ositive gearing from the main 
drum shaft 

The ** Wigan ’* Shaft-signalling System. G<meral kegulation 
<^5 nMjuires that in connection with ever}’ winding engine the 
signal shall be both tiudible and visual. The " Wigan " audible 
and visual signalling device, imadc by Hoyes & Co., Ltd., 
Wigan, conforms to the requm*ments of G. R. 95, and although 
it is designed to be operated idectrically it may be installed 
as an electro-mechanical a]>paratus. Fig. shows pointer 
type of the apparatus, and it will be seen that there are three 
dials, one for the banksman and one for each of two mouthings 
in the shaft, with an additional nien panel that becomes 
illuminated when the signal 3 is given, showing the word 
“ men in bold white letters. The indicator consists of a step 
by step mov(’m<*nt which moves the jxiinler round one space at 
a time as th<* signals are given, and a time lag is incorporated 
to admit of the numlMT of rings being registered by the 
pointer, provided the interval of time that elapses between the 
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rings docs not exceed two or three seconds. If this period is 
exceeded two signals rorres|K)nding to tlie rings given before 

and after the excessive period 

L would be shown successively on 

the dial If the signal I is given it 

I * V h(‘drd by tin* engineman and it 

apparatus ustd to transmit the 
signal ; if the signal 2 is given the 
j)oint«T also shows that the signal 
BJH has been given, but if the signal 
( j is gix't n tlu‘ pointer indicates 

I number 3 and the word 

1 wiaw appears in the illumin- 

^ ated pant‘l. 

d|||||||||H On tl)e cautionary signal 3 being 

given the indicator pointer will 
r« gister 3 and the men panel will 
^ » become illuminated. On the action 
signal I, 2 or more being givt^n 
^ the indicator ])ointer will return 

to 7(To ami registe r the number 
^ given, the men pant'l still remain- 

^ . ing illuminated. When the engine- 

\ commences to carry out the 

order the indicator pointer will 
l@jj return to tlie zero position ; after 
jy partly carried out the 

_ order, say about one-quarter or 

■ one- third of the wand, the men 

■ panel will be extinguished. The 

■ engineman has, thendore, before 

Ids notice the w'ord ** men ” during 
SIC.NAIUNO Kcvick nt'cessary decking operations 

<uul wddle men are entering the 
cage, and also, further, until lie has partly carried out the 
wind. If during the time the cages are running in the shaft 
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the cautionar\ signal 3 is given, the indicator fiointer wiU 
ngister 3, and when the cagt^s come to rest the pointer W'lll 
return to zero and the mrn |>anil will Ixxoini lUununated, and 
w^ill so riniain during au\ substHjuent du king ojHTations until 
tht wind proper has coinmenctd again 

If the signal i is gntn to s*op when the lages an running 
in tht shaft the pointer vxill rtgisUr but the nmnunt the 
signal is complied \Mth h\ stoj>ping th<‘ engine tin' signal is 
cancelUdandatleardialisshown Tlu whok'of theapparatus 
ustd to opt rate the pointti is attachtd to the back of the dial 
it IS, thi refort atctssiblt without cissation of its usi Signals 
are (ant<lktl m<chamcdl\ In a lx It ])assing round the dnim 
shaft 

Electnc Winders. Ilu diunis of winding engiiu s may be 
ojxrattdbv tlu dirt(tus< of \ ( motors whuh ma\ or ma\ 
not bt ftheted b\ gi inug tht\ ina\ lx ojHrattd by !>( 
motors kd dinct fiom tlu ])o\\tr m iins, or tlu^ ina\ be 
optriUd l)\ DC motors supplied with D( by d\namos 
drntn In \ ( motors supplu<l with A C chritt from alttr- 
natmg (urnnt mains Ilu first and third systems are used 
for dialing with toiupardU\i4 outputs wlurias the 

stcond nu thod is ustd foi o|h rating small winders 

In tlu first ( iM tlu operation of tlu tkctric wuuUr is (on- 
trolkd In an oil irnim rst d iiiakt -and-brt ak switch in the 
stator ciicint and a liquid controller in tlu rotor circuit Ihe 
oiliinnursed stator switch must lx (a])abk of making and 
breaking on luav} current without undue wear, for a winding 
motor m be started and stopjxd once or twice a minute 
It consists of two separate three -}X>lc oil immersed quick break 
switches, nuchanicaih interlocked so that onlv one switch 
can be closed at a time' The lotor swatch may be provided 
with a moving clectrexle or a fixed ckctiode Flic former is 
used for controlling machines of mtduim size' and the latter 
for larger machines In the latte 1 case* the k\cl of the liquid 
m the tank and therefore the resistance' is altered by means 
of a centnfugal pump 

The ordinary^ system of rheostatic control is used m the 
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second case, but in the third case the Ward-Leonard system 
of control is usually adopted for the reasons that it is suitable 
.for the adoption of safety devices, is convenient in applica- 
tion, and economical in optTation. For detailed information 
readers should refer to Dr. Penman’s articles in the Mining 
Educator, and to other articles njentioned at the end of this 
chapter. 
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" Notes on the Overhead K»H*pc Winding Plant at Plenmdler ('ulliery, 
Haltwhistlc, Northumberland,” by Mr. (i Raw, vol. Iv., page 170 

** Tension in Winding Ropes.” by Mr. J. Stoncy, H Sc., vol Ixii, 
page 102. 

” Visual Signalling,” t)y Mr. H. Oreen, vol. 1, page 472. 

" Electric Winding Engines,” by Mr 1 ). Weir, B.Sc , vol. Ixvii, 
page 129. 

** The Prevention of Overwinding and Overspeeding in Shafts,” by 
Mr. G, G. T. Poole, vol. xlix, page 355. 

** The Adjustment of Ropes on Bi-cylindro-conical Drums,” by Dr. 
Parker, vol. Ixxi, page 47. 

** Control SjTStems for Electric Winders,” by Mr. C. H. S. Tupholme, 
in the Colliery Guardian from 3nl June to 5th August. 1927. 
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EXERCISE Ql'ESTIONS 

1. Sketch and describe a good capel for a win? winding rope 

about 1 1 in. in diameter, and also the htting of the cape) to the 
rope {ind Class HAtaut,, May» 1931.) 

2. Beginning at the wire viiiuling rope and ending at the cage, 

describe briefly the apparatus and attachments tliat are found in 
a winding plant. State the materials to be used for the various 
iten^s. (2Mrf C/ass Nov., 1931.) 

3. In connei tion with the cylinder of a steam winding engine, 
what are the devices adopted and materials used : (a) to prevent 
steam from passing the piston and the cylinder wall ; (b) to pre- 
vent steam from escaping round the piston rod where it passes 
through the cylinder cover , (r) to make steam-tight joints between 
the cylinder and the en<l covers? {2nd Class Exant., May. 1932.) 

4. Fhe cap<*l. or MK ket. at the end of a \\ inding rope is fitted with 

a pin I J in m diameter. The six lindle chains of the cage finish 
in links 4 in long ami 2 in wide (inside dimensions). Make a draw- 
ing ol the pails wanted for connecting the capel to the bridle 
chains. Show ilimensions and state the kind of malt^i'Kils that you 
would IIS#* ( E^ant,, May, 1932.) 

5 Bescnlie a gcnnl fonn of capping i>t socket for a stc^el winding 
rope, and also the ofH'ration of rtHapping the lopc 

{ 2 nd C'l(t.s\ hxatn., Nov , 1033.) 

o IIm* winding engine at a lollierv has two steam cylinders, 
and the drum is on the crankshaft, (iive a list of the parts that 
nee<l lubrication and i>tale how each part may In* lubricated. If a 
Ix'anng is inclined to run hot, what can be done to improve matters 
while keeping the engine in seivice^ {2nd ('las,\ hxani , Nov., 1935.) 

7. I>es('iilH* and sketch a set of bridle chains and attachments 
for a cage who.se top hoop i.s alxiut 10 ft. long and 3 ft. 3 in, wide, 
rhe (age weighs w'lth tubs and coal alniut 5 tons gross. 

{2nd Class Exam,, May, 194b.) 

8. I)es<ril>c a g(K)d capel for a steel winding rope, .sjiy li in. in 
diameter, and the ojH*ration of capping the roj)c. 

{2nd ( lass Exam., Nov., 1937.) 

9 I’or guiding cages in a shaft the following may he used : 
w'(K)d guides, steel rail guides, and flexible steel conductors. How 
may the.se various guides be arranged and secured in the shaft ? 
Mention conditions for which each tyjie is suited. 

{zfid Class Exam., May, 1938.) 

lo. Write a short essay ou .steel wire winding roi>eH, dealing with 
their construction, installation, and treatment in u.se. Note 
esjiecially j>oints connected with safety. 

{ist Class Exam., Nov.. 1931.) 
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11. Describe a goo 1 arrangement of brakes and brake-operating 

gear for a winding engine for shaft, say, 500 yd. deep, where the 
loaded cage weighs about 5 tons gross and the empty cage about 
2 tons. VVhat would be the most sev^ere duty to be performed by 
the brakes '^ (1st Class Exam., May, 1933 ) 

12. Describe an a])paratus for attachment to a winding engine 

for preventing overwinds. State also how it works, how it controls 
the speed of the cage, and how it brings the engines to rest when 
the ui)Coming cage would go too far. ^ 

(ist Class Exam., Nov., 1933 ) 

13. Give a list of typical wire rope constructions and describe 
them briefly. Indicate the particular purposes for which each 
construction is most suitable. ( 15 / Class Exam., Nov., 1933 ) 

14. The length of steel wire winding ropes changed due to 
stretch and to cutting when recapping, making it necessary to 
adjust the cage positions. Describe methods of doing this. 

(1.9/ Class Exam., May, 1934.) 

15. Describe the construction of a three-deck cage and chains 

tf> carry men or sis tubs, each to hold 10 cwt. of coal. Give the 
chief dimensions and state the materials used. An outline drawing 
of the wlu)lc cage and chains or a detail drawing of a part should 
be includetl. (i5f Class Exam., Nov., 1934.) 

i(). Describe the apparatus you would expect to find in a wind- 
ing-engine house, apart from the engine proper, at a shaft about 
300 yd. deep. (15/ Class Exam., May, 1935.) 

17. Describe a detaching hook to lx* jilaced between the rope 

and the cage of a winding plant. Show by simple .sketches the 
action of the detaching hook. (15/ Class Exam., May, i 93 f>.) ' 

18, Mention and briefly describe the apparatus that may be 

applied to a steam winding eiiguie for ensuring the safety of the 
j)eople travelling in the shaft. Is a ball governor in the steam 
supply pipe to a winding engine of anv service ? Give reasons for 
your answer. (15/ Class Exam., May, 1937.) 

You are called upon to examine thoroughly a steam winding 
plant within the engine-hou.se to see whether it is efficient and in 
safe working order. To what matters would you direct attention 
and what would you do? (ist Class Exam., May, 1938.) 

20, Knumerate and di.scuss briefly the measures taken to ensure 
safety in a steam winding plant at a colliery. 

(ist Class Exam., Nov., 1938.) 

21. How do you calculate the size of the two cylinders of a 
steam winding engine? Take the case of a shaft with a wind of 
300 yd., with two cages weighing, with loaded tubs, 3 tons and, 
with unloaded tubs. 2 tons, and drum 10 ft. in diameter on the 
crankshaft. 
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The steam pressure at stop va!ve is go lb per stj. in. and the 
winding rojies weigh 3 lb. per ft. 

(a/ EAam., May, 1939.) 

z?, DescnU* oiu' form of visual signalling for a winding engine. 
In selecting \isual signalling apparatus, to what features wpuJd 
you have regard (iwrf Class Exam,, May, 1919.) 

23. l>escnlH‘ <iml skeUli suitable kep gear for a singlc*deck 
cage 5 ft long and 4 ft wide (ittd Class J'jtam , May, 1922.) 

24 A vertical leg ul a h<‘adgear is a steel joist iz in by 6 in. 
in section. Design a base ior this leg suitable for resting on, and 
Udng seemed to, a pier ot biickwoik or of conciete. Show all 
important dimensions and details of the design. 

(Is/ ( lass hxani , Nov , 1926) 



CHAPTER XIII 

MINE DRAINAGE 

Occurrence of Water in Mines. The water which falls as rain 
upon the surface of the earth can be regarded as being divided 
into three portions, viz. : (i) that which is evaporated at the 
surface of the eartli ; (2) the portion which is absorbed by the 
soil and subsoil, and is ultimatel}^ carried by the surface 
drainage to the sea ; (3) that portion which passes from the 
subsctil to the solid rock undemeatli, and eventually finds its 
way into such excavations as may be formed during* the pro- 
gress of the dexxlopment of mines. It is the last portion that 
is of spi'cial inter<*st to those who are engaged in mining 
operations, irresjx'ctive of whether the object of the working 
is the winning of coal, stone, or metallic ores. 

Drainage Methods. St‘Vi‘ral methods are available for 
dealing with the water that is encountered in mines, and while 
it may in general be stated that the method to be adopted is 
that whii'h involves tlu* smallest charge on the undertaking, 
there are occasions on which it may be absolutely necessary 
that economic considerations should rank as of secondary 
imfX)rlance to the executive measures dictated by special 
circumstince.s. The following .systt‘ms of mine drainage are 
employed according to c ire urns tances- 

I Drainage by adit levels. 

2. Raising water in water-chests from dip workings. 

3. Raising water in water-chests from vertical shafts. 

4. Winding water by means of barrels in vertical shafts. 

5. Removing water by means of siphons. 

6. Raising water by means of pumps of different kinds. 

Drainage by Adit Levels. It is always desirable that 

advantage should be taken of natural conditions to expedite or 
simplify the drainage of mines. Because of the fact that most 
of the mines of this country lie at a lower level than the general 
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level of the country* it is only on rare occasions that it is 
possible to use this system of drainage. It >^ill be readily 
understood that the s^’stem is more applicable to hilly or 
mountainous districts where the mine workings aie situated 
mostly, or wholly, above the level of the base of the surface 
drainage system, than it is to mines that are readied by 
vertical shafts sunk from th<* siirf.ice on the sides of the valleys. 
Even in the latter cas<‘, however, it may sometimes l>e possible 
to lighten tht‘ duty of a pump by arranging that the water 
delivertxl by it should discliargi'il into an adit connecting 
the shaft at some jxiint beneath the surface with a stn^am 
running along the base ot an adjacent valley. 

Use of a Water-barrel. Tlie amount of water encountered 
in the process of sinking shafts bears directly on the question 
of which method of raising the water should be adopted. 
The usual pnirtice in this connection is indicated by the 
following excerpt from th<* sjK'cifitMtion ol tlie conditions of 
contract for sinking ciTtain shafts : “ When the quantity of 
water readies eight ordinal y sinking barrelfuls ptT hour, the 
company shall tit up pumps ami the contractor shall take 
charge of same," big 174 shows the usual form of a barrel 
suitable for \\iiKhng water It is niadt* of ir^m throughout, 
about 3ft. bin. deep and 2ft. t)in. diameter across the 
middles, and 2 ft. 3 in. diameter at tlu‘ top and bottom. The 
barrel is suspemied by a bow, or hoop a, attached to trunnions 
b riveted to the side ot the barrel, Th<*re is a circular iron valve 
c with india-rubbtT or h*jither sedating fitted to the bottom of 
the barrel. Flaj>- valves ma>' employed, but it is much 
l)ott<*r to liav<- the circular valve with a guided spindle d. 
The hoop is kept in jmsition by means of pins c and links /. 
When the barrel is lowt‘red into the sump in the bottom of the 
pit, the upward pressure of the wat<T ojx*ns the valves and the 
water flows in to fill the barrel. The valve then closes, and the 
barrel is raised to the surface. When the barrel arrives at the 
surface a trough made of wood and lined with sheet-iron is 
pushed under it to cover the shaft and to form a channel by 
which the water is guided to the ditch near the side of the 
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sliaft. The barrel is then lowered sufficiently to allow of a 
pin attar hcd to the trough in a vertical position pushing the 
valve upwards and allowing the water to run out. As soon as 
all the water has run out, the barrel is raised to allow the 



trough to be withdrawn, and then it is lowered to be filled 
again. It should be obscrvTd that when such a barrel is used in 
the ordinary- course of sinking a shaft it may be, and usually 
is, necessary- to fill it by hand baling. 

Galloway’s Vacuum Water Barrel. The chief objection to 
the ordinary- form of barrel is that it can be filled only by 
immersion to the level of the water in the sump. It was this 
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disadvantage of the simple barrel that Jed Prof. Galloway to 
design the vacuum water barrel which Was first used at the 
sinking of the Llanbradacli shafts in the early nineties. Fig. 175 
IS a section of the barrel. In its original form it consisted of a 


I 



cyhndiT closed at both ends and having a valve o|)ening 
inwards at the bottom An o])en pipe a with one-half of an 
mstantant^oiLs coupling b attached to its outer t*nd, passes 
through the cylinder at a convenient height above its bottom, 
and reaches to w'ithin half an inch or so of its top. A water 
gauge e is fittt‘d to the cylinder near the top to indicate the 
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height of water, and thus show when the barrel is full. The 
barrel is fitted with a hoop by which it is attached to the 
winding rope. A necessary part of the equipment is a receiver 
and air pump, which arc connected to the barrel by means of 
wrought-iron pipe's cramped to the side of the shaft, and 
terminating in a piece of flexible hose having the other half of 
an instantaneous coupling attached to it. A stopcock is 
fitted to the metallic pipe at its lower end. When the air pump 
is working a vacuum is produced in the receiver and the pipe 
leading to the bottom of the pit. Prof. Galloway himself 
described the operation of winding wafi'r by this method as 
follows : The water bam l having been set down in the 
bottom with its lower end resting in the water, the flexible 
hose is coupled to the pipe leading to its interior and ascending 
to the top a.s has been explained. The stopcock is then 
opened, a vacuum i.s produced in the interior of the barrel, 
and the wat(T, forcing th(‘ valve d upwards, rushes into it. 
The sinker who has charge of the flexible hose keeps his i‘ye 
on tlie gauge glass e at the top of the barrel, and when he sees 
that the water has risen to wit.hin an inch or so of the top, ho 
shuts the stopcock, detaches the flexible hose, and th(*n 
signals for the barrel to be drawn up. The rate at which the 
barrel can l)e filled depends partly upon the size of the pipes, 
extending from the reservoir to the bottom of the shaft through 
the jide of the cylinder to its interior, partly on tlie diameter 
of the valve in the bottom of the barrel. At Llanbradach th*^ 
vacuum pipe was 3 in. in diameter, and the opening in the 
bottom of the barrel 18 in. in diameter. With these dimensions, 
a barrel having a capacity of 600 gal. was filled in 30 sec. at 
a depth of 250 yd. from the surface, but when the depth 
amounted to over 500 yd. it took 40 or 45 sec. to fill. At the 
surface the barrel was lowered into a water trolley with a 
conical block of wood fixed in its bottom, which opened the 
valve and allowed the water to run out in 30 sec.*' The 
barrel may be raised and lowered by the same engine as is 
used in winding the debris, but if a special engine Ls set aside 
for the work of winding water more water may bo dealt with, 
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ud according to Prof. Galloway, in his Lectmes oh Joining, tb» 
barrel can readily deal with 18,000 to 20,000 gal. of water per 
hour without interrupting the sinking. An obvious advantage 
of the vacuum barrel is that it need not be submerged to be 
hliedp and, consequently, the depth of water in a sinking pit 
need not be greater than is necessary to cover the valve in the 
bottom of the barrel. 

The Self-filling Water Barrel. The self-hlling barrel was used 
in its original form at the sinking of the shafts of the Windsor 
Collier^', near Caerphilly, in the late nineties. It was designed 
by a workman named Pearce to take advantage of the impor- 
tant principle of physics, viz. : '* The atmosphere acting on the 
free surface of water in a well sustains, as in a vacuum, a 
column of water whose height is given by the quotient of the 
atmospheric pressure in pounds per square in. by the weight 
of a column of water i ft. high and having a base or section 
of I sq. in." One cubic fiH>t of water weighs 62*5 lb., therefore 
a column of water i ft. high and i sq. in. in section weighs and 
will exert a pressure of 6*25 - 144 ~~ 0*434 lb. When the 
atmospheric pressure amounts to 14*7 lb. jM*r sq. in., the maxi- 
mum benight of a column of water w^hich it will sustain in 
a vacuum -=- 147 > 0 434 - 33*9 ft. It will be understood 
from the description that follows that the principle of the self- 
filling water banel is precisely the same as that upon which the 
action of a reciprocating pump is based. Fig. 176 is a sectional 
elevation of the modem form of the barrel. The barrel con- 
sists of a steel cylinder A , which is fitted with a turned piston 
and has a valve C in the bottom. It is caught up by four 
chains which are attached to the winding rope shackle, and is 
provided at the top with a guide plate D through which the 
piston rod passes. The piston consists of a circular disc to 
which the piston rod is attached ; it is fitted with an angle-iron 
ring E having the outer surface turned to enable a water-tight 
joint to be made with the side of the cylinder, and it has four 
india-rubber valves F fitted to the disc. These 'valves open 
upwards to allow air under the piston to escape during the 
downward stroke of the piston. The valve C is also made of 

*a-~(T. 546 S) 
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india-rubber and is mounted upon a spindle whose vertical 
movement is controlled by the guide-bars attached to the 
bottom of the barrel. The barrel is provided with a perforated 



false bottom to prevent the main valve from being fouled by 
debris, and a hinged door is also provided to enable the valve 
to be cli aned should it become necessary to do so. When the 
barrel is lowered to the bottom of the shaft the piston with its 
valves open descends to the bottom of the cylinder. On raising 
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the piston tlie valves F are dosed and the main valve C is 
opened by the water, which rushes into the barrel until the 
air-holes in the cylinder immediately under tlie uppermost 
position of the piston dw exi>o$ed. When the barrel reaches 
the surface a trough is pushed underneath it, and when the 
barrel is s<‘t down on the bottom of the trough the valve C 
is opened, and the water runs out. By moans of such a barrel 
as this the bottom of a sinking pit may be kept practically dry. 
Principle and Use of the Siphon. Tlie siplion is a device 
which finds a wide fitid of usefulness in coal mines, l)eing 
employed for conveying water from a point on one level to 
another at a lower level, over an inter\'«‘ning ridge whose 
height above tht‘ surfare of the w'ater in the lodgment at the 
higher l(‘vel d(H*s not exceed the himt nn^wsed by the intensity 
of the atmospheric pressure at the higher lew I, and the 
fric tional resistance of the pi|><‘ forming the .siphon The height 
of the water barometer at meMii soa-li vel is normally 34 ft. ; 
tins is the greatest pt^sible height of the ridge over which 
the siphon can convey M wivr from a higher level te> a lower oiu'. 
In pr.ictice, the vertical height Iroin tlie surface of the water 
a. the inlet to the* siplion to the top of the* ridge, or the crown 
of the siphon, is less th<in tlie theoretical maximum height, 
depending on the h'nglh of the pipe and roiighm^ss of its inner 
surface, for both of these factors influence tlie amount of 
resistance op]X)sed to the flow of water. Other f<ictors which 
influence the maximum height of th<* ridge over w^hich a siphon 
will efficiently convey waiter art* the tem]>erature of tlie water 
and the amount of gas contained in the water. The former is 
generally an uiiim|K)rtant factor in coal mines, but the latter 
is always important, espt'cially in the rase of a siphon in which 
there are abrupt bends near the crown of the siphon. Fig. 177 
represents the conditions under which a siphon may be put 
to work in a mine, and it may be ustxl to elucidate an elemen- 
tary statement of the principle of the action of the siphon. 
The essential condition that must exist in order that the water 
may flow through the siphon from to c is that there should 
not be equilibrium of the force tending to produce and that 
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tending to oppose the flow of water. The forces which tend to 
produce flow of water from a toe are, firstly, the pressure of the 
atmosphere on the surface of the water in the lodgment at a, 
and, secondly, the head of water in the discharge limb 
extending from h to c. The forces opposing the flow of water 
arc the atmospheric pressure acting on the surface of the water 
at c, and the head of water in the inlet limb extending from 
a to b. The condition of equilibrium may be represented 



symbolically by the expression p + ~ p v when 

equals If /ij dex's not exceed the maximum permissible 
height, and /ij exceeds /q, water will flow, providing the 
driving head - /ij) is suflicient to overcome the frictional 
resistance of the pipt\s 

Construction of Siphon. The general practice in siphon con- 
struction is to use malh'able iron or steel pijxjs with screwed 
joints, adjacent lengths of pipe being connected "by a thimble 
which brings the ends of the pipes together to form a flush 
joint. If the ends of the pipes are smeared with red lead 
before being screwed into the connecting thimble, the joint 
should remain water-tight and air-tight for a long time. 
Larger pipes may be connected by Ixilted flanges, between 
which rubber rings are inserted to form air-tight joints. 
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Shotild any trouble be anticipated from a heaving floor it may 
be found desirable to install pipes having ioose*flangod joints. 
It is essential that the siphon should be fitted with at least 
three valves. Fig. 177 shows a check or non-return valve at a, 
the inlet end, an air valve at 6, and an adjustable valve at c, 
the other end. Practical c‘xj>erience dictates that the valve at 
a .should l>e a non-return one, so that its action will be auto- 
matic, and therefore avoid the necessity for any j>erson going 
into the water to effect its adjustment. The valve b may 
ser\’e the dual purpose of allowing the air to blow off as the 
siphon is filled, and admitting the water used to prime the 
siphon prior to its being put into ojMjration. If a pump is 
used to prime the .siphon, a simple .snifter cock may be used as 
an air valve. The valve at c is necessarily an adjustable one, 
for it is usually ne< t'ssiiry to regulate the flow of water through 
the siphon with the object of making its actions continuous. 

Hints on Filling the Siphon. Several methods are available 
for filling siphon pip(‘s, the method used in a particular case 
lieing dependent on the conveniences already in existence at 
the time of the installation of the siphon, and on the amount 
of water required to fill the pipes. In such a case as that 
repre.sented in Fig. 177, it is usual to attach a snifter cock to the 
crown of the siphon clo.se to the funnel. The valve at c is 
Closed, both the snifter cock and the funnel valves are ofHined, 
and the water is j>ourod into the funnel until the pijxjs are 
completi‘l3’ filled as indicated by the water issuing from the 
snifter cock. Both of the valves on the crown of the siphon 
are now closed, and when the adju.stable valve at c is opened 
water will commence to pass through the siphon, provided air 
has been excluded from the apparatus and the conditions 
with regard to the relative heights of a, b, and c and the length 
of the siphon pipe are not such as to produce cavitation 

Calculation of Discharge from Siphon. Where the above 
condition has been established, the discharge may W obtained 
by use of the formula — 
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where G represents flow of water in gallons per minute, d the 
diameter of pii>e in inches, h the unbalanced head in feet, 
I the length of the pipe in feet, and /a constant. 


Example 72. A 4-in. siphon pipe is 1000 ft. long, and the 
difference in level between the free surfaces of the water at the 
inlet and discharge ends ls 36 ft. Take the value of f to be o*oi, 
and find the discharge of the siphon. 


Solution. G 


2-83 X 


< 4 \/ 

y OM 


_4_x 3 ^ 
►•OI X 1000 
2*83 X 16 X 12 
V 10 

172 gal. per min. 


Strength and Frictional Resistance of Pipes. Pipes intended 
for the conveyance ot water under pressun^ in and about mines 



Fig. 178 Joint in M I Pipe 


are generally made ol cast-iron or vvrought-iron, the flanges of 
cast-iron pipes b('ing fixed and cast in a single jiiece with 
the body of th(’ ])ipe ; in a country where there is an 
abundance of suitable timber, w’oodcn pipes may be con- 
structed ; and where timber is difliculf to obtain and the 
hydrostatic pressure on the pipe is not excessive, reinforced 
concrete may be used Fig. 178 shows the form of a joint in 
malleable-iron pijiesof small diameter ; Fig. 117 shows one of 
many forms of loose-flanged joints used in connecting malle- 
able-iron or steel pipes of larger diameter ; and Fig. 179 shows 
a method of making joints in cast-iron pipes. When joints 
have to be packed it is desirable that the ends of the pipes 
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should be formed so that the act of tightening up the boltehas 
the effect of compressing more tightly the jomting material. 
Figs 117 'and 179 are both of the well-known spigot-and- 
faucet type Wlien tht pipes are to be laid m a straight Unc 
the jomtmg mat(*nal is made m cylindrical form, but should it 
be desired to lay the pipes down to conform to a curve, 
tapered joint pieces are used The jomt nngs may be made of 
thick sheet iron covered with coarse flannel and dipped in 
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Archangel tar, or tht*y ni«iy consist of rubber whicli has l)ocn 
reinforced witli cord to give greater strength to the rubber. 

Loss of Head in Pipes. Pipes conveying water in mines are 
usually abnormally rough because of the incrustation arising 
from the deposition of mineral matter, or the roughness 
produced by the corrosive effect of pit-water having acid 
properties. The loss of head due to friction is a matter of 
greater moment with small pipes than with larger ones. The 
loss of head ma> be calculated by D'Arcy's formula, viz : 
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BBample 73. Find the loss of head by friction in an incnisted 
pipe 2000 ft. long and 6 in. in diameter, the velocity of the water 
passing in the pipe being 3 ft per sec. 


Solution. By D'Arcy's formula. 


4 X 2000 
0*5 


O'Oij 1 4- — 1 

^ ^ 12 X o*5j 

0*01 X I ‘1666 X 4 X 2000 > 25 

32*2 


X 


5 ^ 

64*6 


= 72*4 ft. Ans. 


Direct-acting Pumps and Engines. The outstanding feature 
of the direct-acting pumps and engines is that the steam 
cylinder or compressed-air cylinder and the pump are in one 
straight line, and the piston rod is coupled directly" to the 
pump rod. Direct-acting pumps and engines are essentially 
non-rotative. Such an arrangement may consist of a single 
ram or plunger pump with a single engine, or it may consist 
of two pumps placed side by side and driven by two engines 
that are also placed side by side. Advantage is taken of the 
latter arrangement to obtain the duplex action of the engines, 
whether these are simple and non-condensing or compound 
and condensing. Such pumps are simple in their construction, 
and by reason of the fact that they do not occupy such a large 
space as pumps of the same capacity being driven by engines 
having rotating parts, they are eminently suitable for use 
underground in positions adjacent to the shaft. The use of 
steam should be confined to the neighbourhood of the shafts 
for two important reasons ; firstly, because of the risk of fire 
due to the heat radiated from the pipes ; and, secondly, 
because of the loss of power by condensation in conveying 
steam to great distances underground. Whereas the exhaust 
of air-driven engines may have a beneficial cooling effect on 
the air into which the power-air is exhausted, the steam 
exhausted from a^stesm-driven engine not only increases the 
temperature of the surrounding air, but greatly adds to its 
humidity, thus creating an unhealthy condition, especially 
when that condition is accompanied by high temperature 
If due attention is given to the proper condensation of the 
exhaust steam, and care is taken to avoid leakage of steam at 



IflKK BItAlKACE 533 

improperly packed joints, the system is capable of giving 
entirely satisfactory^ results. 

Tangye’s ‘‘ Special Steam Rump. Fhis pump is made in 
various sizes to deal with various quantities of water against 
heads of 600 ft and more. It is ht ted with cast-iron piston and 
rings in the steam cylinder, and cast-iron bucket ** with 



Fig i8o TANt»%K Pump I'IG 181 Tangye Pump 


leather packing in the water cylinder The piston rod is made 
of steel to withstand the rapidly changing compression and 
tensile stiess(\s in it, and the valves and valve-seats are 
usually made of brass. Fig. 180 is a longitudinal section of this 
pump, and it shows the suction pipe to be attached to the pump 
on the opposite side from the valve chest. The delivery 
outlet is shown branching from the base of the air-vessel over 
the body of the pump, but that is a matter which is entirely 
dependent on local conditions. The figure shows several parts 
of the ram, with the leather packing pieces appearing 
conspicuously in the section. Fig, 181 shows the pomp in 
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cross-section, and exhibits the arrangement of the valves on a 
common spindle which is fitted to top and bottom of the valve 
chest. It is seen that the valve, having concentric seatings, 
admits the flow of water outwards as well as towards the 
spindle, and as the closure of the valves is effected by the 
helicoidal springs above them, slip is reduced to a minimum. 
When the ram makes a stroke towards the right, water flows 
in through the suction valve, and by the left-hand port into 
the cylinder. When the stroke is reversed, the water in the 
cylinder is discharged from it, passing back through the left- 
hand port and then through the delivery valve into the rising 
main. On its way to the rising main, the water passes through 
the lower part of the air-vessel, consequently the outflow of 
water from the pump is fairly steady under the force of the air 
in the air-vessel. The outflow cannot be quite steady because 
of the difference between the effective area of the bucket on 
one side and that on the other, due to the area of the section 
of the piston rod. The discharge on the left-hand stroke is 
expressed by 0*034 and the discharge on the right-hand 

stroke is expressed by 0*034 ^ind if we consider 

the pump to make N strokes per minute, the average rate of 
discharge will be— 


o-os^LNE 



gal. per minute 


Example 74. A Tangye pump has a diameter of 12 in. and a 
stroke of 2 ft ; the diameter of the pump rod is 3 in., and the 
pump makes 30 strokes per min. If the volumetric efficiency of 
the pump IS 90 per cent, calculate the discharge in gallons per 
minute. 


Solution. 


Discharge = 0*034 x 2 x 30 x 0*9 



= 0*034 X 54 X Mo *5 


= 258 gal. per min. Ans. 


The discharge of a direct-acting steam pump is dependent on 
the speed, and the speed depends on the effective pressure of 
the steam on the piston. When the steam pressure is 50 lb. per 
sq. in., and the “ head in feet per pound of steam pressure is 
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6*3, a 12 in pump ha\ ing a stroke of 3 ft and driven by an 
engine 2410 in diamottr. uill diM^harge 29,300 gal of neater 
per hour 

Relation of Head to Diameter of Engine and Pump. Given 
a pump uhosi steam piston and plunger an ot <trtain <limen- 
sions, the htad against Mhich tlu pump will raise w^ater 
depends (1) on tht sttam pussim and (2) the ulative areas 
of tlu suam pislon and tlu plungt i The conm i tion 1 « tween 
thcst quantitM s ma\ be wntten as follows 

Total pnssuii on sttam piston 
Total pnssuit on plungir 

1 1 ~ ^ d- < i) 434/i 

4 I 

wlu It D is tlu til imtU r oi tlu t ni^inc P tlu t llct tise pressure 
of tlu stt iin or tumimsstd ui in pounds ptr stpnie inch d 
the diaimtt i of the piimj), aiul P tiu hi id in hit 

Example 75 V diiitt ictin>, pump works uiuUr a total head 
of iSo ft Its ram is 6 in m diamtUr Compnsstd air <it 60 lb 
pt r sq in is a\ iilahlt Wh it must lx tlu diiiiu U r of the piston 
in tht comjirt ssul au c\hndtr to niaUt tlu pump work 

Solution NtgUcting tlu friclumal rtsistanu to the motion of 
the pump and tlu tifeti of tlu piston rod, wi havt 

o 1 P 
— o 4^4 > I bo (>o 

4 - "^7 

I) 0 S4 in I ns 

Example 76 \ douhlt -acting pump is 10 in in diameter and 

has a slrokt of 2 ft 6 in U is ttmncctt d direct to a sttam engine 
ha\irg a 20 in c\hiukr supplied with steam at 80 lb per sq in 
b> gauge Assiiniing that tlu mean iffictivi pressure of the 
steam is 50 lb ptr sq in to what height could such a pump 
raise water ? 

Solution Tn this cast P represents the mean effective pres- 
sure, and the solution is obtained by transposition of the fore- 
going formula viz — 

H PI)^ o 434<f* 

- 50 ^ 20* — o 434 X 10* 

=» 50 X 400 — o 434 X 100 « 461 ft Ans 
As has already been shown, the result is quite independent of 
the length of the stroke 
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Action of the Tangye Steam-engine. Fig. 182 is a section of 
the engine, and is intended to illustrate the action of the slide 
valve. The slide valve D is shown admitting steam to the 
right-hand end of the cylinder, and consequently the piston 
may be considered to be moving from right to left. When the 




VlG IvS2 Skciion or 1 angyk Ste\m-fngine 

piston approaches the end of its stroke, and by contact lifts 
the left-hand tapj>et valve F, steam is exhausted from the 
left-hand plunger cylinder /., through the passage J, thus 
putting in motion tho plunger C and the slide valve D, and 
thereby reversing the pump The steam by which the plunger 
and valve are operated is admitted by the small holes K in the 
ends of the plunger cylinders. The lever H is used when 
starting up the piunp, but is not operated during the normal 
working of it. 

Condensation of Exhaust Steam. The primary object of a 
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condenser as attached to an under^ground pumping engine is 
to dispose of tht‘ exhaust steam in such a manner as will 
prevent it Innng discharged from the engine direct into the 
airway leading to tlie pump, even if that should Ix' the return 


f 



l I(» I I OYl) s rxilArST SrKAM CONDBNSBtt 

airway. It is unnecessary to dwell on the obvious objections 
to the use of an open exhaust. There are really three satis- 
factory methods of condensing the exhaust steam, viz. — 

1. To exhaust the steam into the suction pipe. 

2. To exhaust it into surface condenser. 

3. To exhaust it into a jet conden.ser. 
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A secondary, but not less important, object of a condenser 
is to produce a vacuum, and thereby reduce the back pressure 
against the engine. Tlie reduction of the back pressure from 
about 17 lb. per sq. in. to about 3 lb. per sq. in. is equivalent 
to adding 141b. per sq. in. to the mean effective pressure of 
the steam on the piston. 

Floyd’s Exhaust Steam Condenser. This condenser is a 
useful adjunct to ^thc Special steam pump when used in 
mine workings or other confined positions where a condenser 
is essential. It is attached to and practically forms part of 
the suction pipe, as is shown by Fig. 183. The exhaust steam is 
conveyed into it, and there it is condensed by the water which 
is being drawn into the pumj). 'flic pump bucket used with 
this condenser is made of cast-iron with brass rings, the usual 
leather-packed bucket not being suitable. 

The “Tipton” Direct-acting Steam Pump. This pump, 
which is made by Messrs. Lc-e, Howl & Co., Ltd., Tipton, 
Staffs , is designed on somewhat different lines from those 
already described, and is used to raise water against heads 
vaiydng from 300 to 1500 ft. Fig. 184 shows the component 
parts of this tj'pe of pump, and it is s.'en that two working 
barrels, secured together by stanchions, are mounted upon a 
cast-iron bed-plate in which a portion of the suction pipe is 
an integral part. The double-acting ram works through gun- 
metal bushed glands and gun-metal neck rings. The valve 
boxes arc separate and interchangeable, each valve being 
provided with an indejxmdtmt cover. The valve boxes are 
conneett'd together by collecting pipes, and it is seen that not 
only is iliere an air-vessel attached to the delivery collecting 
pipe, but there is one attached to the suction pipe as well. 
The pump is regularly fitted with cast-iron ram and steel 
pump rod, the valve boxes being fitted with gun-metal valves 
and seatings, but in special cases the ram may be encased in 
a gun-metal liner and have a manganese bronze pump rod. 
It is made in sizes varjdng from 4 to 12 in. in diameter to 
be driven by engines varying from 7 to 28 in. in diameter, 
the stroke being 12 in. in the smallest size, and 24 in. 
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in others. The Tipton pump may be driven by steam, but 
if it should be thought undesirable to convey steam into 
underground workings on account of the danger which might 
possibly be attached to such procedure, the pump mav be 
driven by compressed air ; indeed, this pump has found an 
extensive use in fierj' mines where conditions of temperature 


I4f 



» ~ I- —lit— - — 

1 iG 184 ' Tipton " Steam Pump 


and humidity render it imperative that compressed air should 
be used as the motive power. 

Use of Compressed Air as Motive Power. As the temperature 
of air increases when it is, compressed, so does the temperature 
fall when the air is expanded, and the final temperature may 
be lower than 32” F., in which case freezing of the moisture in 
the air will take place unless steps have been taken to dry the 
air. The change in temperature is found by the formula 
T = P"*** X i, where T is the absolute temperature in 
degrees Fahrenheit of the air before expansion, where t is the 
absolute temperature of the air after expansion, and P is 
pressure drop in atmospheres. 

If we consider the case in which compressed air at 60 lb. per 
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aq, in. and 70*^ F. is exhausted at full pressure into the atmos- 
phere then the drop in temperature is found as follows — 


t sss 


T 

ppm 


459 + 70 _ 529 

mr 4 ^" 


= 353< F- 


The temperature in the exhaust ports of an air-engine 
working under such conditions would be - I05‘i® F., and con- 
sequently the moisture in the air would be converted into ice, 
which would choke the ports and render working of the engine 
most unsatisfactory and inefficient. It is usual to supply air- 
driven pumping engines with the full pressure of air for almost 
the whole length of the stroke, so that there is always a very 
grave risk of interruption of the working of such engines 
unless (i) the air is dried before it reaches the engines, (2) the 
temperature is increased by passing the air through a heater 
of some form. The former precaution is that usually taken. 
The moisture of the air may be effectually removed by means 
of such a device as the Huwood air-drier, ^ which is manu- 
factured by Messrs. Hugh Wood & Co., Ltd., Newcastle-on- 
Tyne. 

Rotative Reciprocating Pumps. Rotative reciprocating 
pumps are distinguished from direct-acting, non-rotative 
pumpis by the fact that the reciprocating motion of the former 
is accompanied, or is produced, by the rotation of a flywheel 
or a crank, whereas the motion of the latter is one of reciproca- 
tion alone. This is a statement of the essential idea of dis- 
tinction, and, obviously, it includes single-acting, double- 
acting, differential, and three-throw pumps. In developing 
the discussion of the subject the opportunity is taken to study 
the functions of air-vessels and the conditions which lead to 
the occurrence of cavitation in the working of high-speed 
pumps, and it will be shown that the greater the speed of 
reciprocating pumps the more necessary it is that the valves 
should be operated mechanically, instead of being allowed 
to open and close by the reversal of the direction of motion 
of the water in the pump. Pumps of this class are eminently 


^ See Chapter IX. 
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suitable for dealing with water at points remote from the shafts 
principally because they may be driven by electricity, but, 
even when for economic reasons it might be desirable to employ 
the electrical system of transmitting power, other conditions 
may preclude the possibility of using electricity because of the 
danger which attends its use The danger of igniting firedamp 
in remote parts of tier>' mines may be regarded as real, but 
the electrical transmission of power is so much superior to 



the other methods which are at present available that every 
effort should be made, by thorough supervision of electrical 
plant and the ventilating arrangements, to make the occur- 
rence of an ignition of iiredamp a remote possibility. Men of 
experience in fiery coal mines know that the dead burden of 
the cost of pumping water Ls capable of being lightened by the 
use of electrical power without sacrificing anything in the 
interests of safety. 

Single-acting Pump. Fig. 185 is a diagrammatic representa- 
tion of a single-acting pump which is driven by the rotation 
of a crank OA, the motion of the crank being communicated 
to the plunger by a connecting rod AB, As the crankshaft 
rotates the plunger reciprocates in the barrel of the pump. 
While the outward stroke of the plunger is being made the 

a?- (T 5468 > 
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pressure within the pump is diminished, and the pressure of 
the atmosphere on the surface of the water in the sump 
causes the water to flow through the suction valve SK into 
working barrel, and when the direction of motion of the 
plunger is reversed, the suction valve closes, and the delivery 
valve DV opens to allow the water displaced by the plunger to 
pass, in part, into the rising main, and also into the air- 
vessel A V, In considering further action of the pump it is 
seen that during the suction stroke the pressure within the 



working barrel is less than atmospheric pressure, and that 
during the discharge stroke the pressure is dependent mainly 
on the head against which the pump is working. 

Relation of Velocity of Plunger to Velocity of Crank Pin. 
Fig. i86 shows a curve of plunger velocities plotted on a base of 
horizontal displacement between dead centres, and if it is 
assumed that the water is accelerated at the same rate as the 
plunger the diagram may be considered (for it is really) a flow 
diagram. The value of such a diagram lies in its revelation of 
the source ot inertia stresses set up in a pump having no air- 
vessels by reason of the fluctuations of velocity in the water 
discharged into the rising main. It will be seen that as the 
crank pin revolves from the kft-hand dead centre to the right- 
hand one, the plunger moves from k ft to right at a var 5 dng 
velocity, being zero at the dead centres and greatest when the 
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crank and connecting rod are at right angles. When ^he 
crank pin arrives at any position such as A, the corresponding 
linear velocitj^ of the plunger is determined by drawing OC 
parallel to AB, and then drawing BD equal in length to AC. 
The solid curve XDX * was obtained by taking the position of 
the crank pin at inten^als of 15®, the ratio of to OA being 
3 to I. The crank pin was assumed to rotate at unifonn speed, 
and had it been furtlier assumed that the connecting rod 
was of infinite length, the curve of velocity would then have 
become a semicircle, thus denoting the plunger to reciprocate 
with simple hannonic motion. The flow diagram has been con- 
structed in order that some consideration should be given to 
the fluctuations of velocity and inertia stresses in pumps of ihe 
types commonly used in mine drainage. Fig. 187 gives the 
curve showing the theoretical relative veltK'ity ol the single- 
acting pump, and it shows clearly that while the velocity is 
positive and constantly varying during the delivery stroke 
it is zero during the suction stroke It is obvious that the 
load factor of such a pump is low, and because of the lyibal- 
anced load arising from the intermittent action of the pump it 
is usual to attempt to equalize the load by tlie attachment of 
a flywheel to the pump. Fig. 1S8 represents the curve that 
might be construct'd to show the variations of velocity in the 
working of a double-acting pump of the differential type. 
The fluctuations of velocity are less violent than those shown 
in the preceding figure, and when such a pump is fitted with 
suitable air-vessel the fluctuations are still less pronounced. 
The flow diagram for a single-acting pump having two 
plimgers connected to cranks 180® aj)art is shown in Fig. i8q, 
and it is seen to resemble closely the flow diagram for the 
double-acting pump. Fig. 190 is the flow diagram of the well- 
known three-throw pump which has cranks at angles of 120® 
apart, and it is seen that the resultant curve of velocity is 
obtained by compounding the elcmentar}^ curves where these 
overlap. The ordinate AB from the discharge diagram of 
No. 2 plunger is added to the corresponding ordinate of the 
discharge diagram of No. i pump. This gives the point B* 
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Oik the resultant curve. The fluctuations of velocity are less 
pronounced than those which characterize the double>acting 
pump. 

Air-vessels. The diagrams of velocity show that when 
a pump is not fitted with air-vessels there are considerable 






variations of velocity of the plunger, or plungers, and of the 
water passing through the pump In some cases the velocity 
of the plunger changes rapidly, and as the production of 
acceleration implies the application of force, by the plimger 
upon the water or the water upon the plunger, it appears 
desirable that the effects of high accelerating forces should he 
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^avoided. The action of a plimger pump is fun^mentally 
mtermittent, but it should be the aim of the engineer to use 
such a pump in such a manner that the flow of water through 
it might for all practical purposes be regarded as constant. 

Peam Double-ram Pump. So far as the mechanical con- 
struction and the materials used in the construction of this 



1"k. i»^i 1*larn Double-RAM Pump 

pump arc concerned, it bears a close resemblance to the single- 
ram pump. Fig. 191 shows that in this pump there are two 
rams connected to the crankshaft at angles of 180® apart. 
Tlie crankshaft is supported on two bushed bearings at the 
tops of two triangular standards, and the air-vessel is formed 
to act as the means of connecting the delivery pipe to the 
pump, thus making for compactness in design. There are two 
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effective strokes per revolution of the crankshaft, and conse- 
quently the discharge from the pump is less intermittent than 
it is from the single-acting ram pump. On account of the 
steadier flow of water from the pump there is not the same need 
for a flywheel and a delivery air-vessel, but since the cranks 
are on opposite dead centres at the same time, it is obvious 
that the flywheel may stiP function usefully as a balancer of 
load and the air-vessel as a regulator of flow. 

Power. The power required to drive a pump depends upon 
two things : (i) the discharge ; (2) the head. Expressed in 
the simplest terms, the hor.s(‘-power required to drive a pump 
of any kind is given by the formula — 


Horse-})ow<T 


10 GH 


33 ,oooE 

Where G discharge in gallons per minute 

// head in feet (including allowance for friction) 
H efliciency of machine. 


Example 77. A doiibic-iam pump 5 in. m diameter has a 
stroke of 6 in. and runs at 80 r p.m. If the volumetric efficiency 
of the pump is 0*85 and the head is 150 ft., determine the horse- 
power of the electric motor that would be required to drive the 
pump, assuming the mechanical etliciency of the primping gear 
IS 0*7. 


Solution. The answer to this proldem is divisible into two 
parts, the first being concerned with the discharge, the other 
with the determination ()f the horse-power of the motor 
G 0*034^*/. . XE 


H.p 


= 0 034 X 5> < ,'2 

- 57*^ g‘d- P^'*" 

10 X 37*8 \ 150 
,33,000 \ 0*7 


X So X 2 X 0-85 


- 375. Ans. 


Reliable Double-acting Steam Piunp. Messrs. Joseph 
Evans & Sons (Wolverhampton), Ltd., are the makers of this 
pump, which is specially adapted for pumping against heads 
approaching loooft., and being of the outside-packed ram 
type, it is especially suitable for deahng with gritty water. 
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^ The steam and water ends of the pump are of forms that axe 
now familiar to us, but we must take note of the method which 
has been employed to produce a flywheel pump of compact 
design. It is seen in Fig. 192 that the piston rod and the pump ^ 
rod are connected b^' what is technically called a kite/* 
The connecting rod, by which the motion of the engine is com- 
municated to the flj'wheel, is connected to the kite pin, 166, 
at one end and to the crank at the other. The crankshaft is 
carried in two bearings mounted on the bed-plate, and the 
flywheel is fitted in an overhung position to one end of the 
crankshaft. This arrangement tmables the flywheel to be 
connected to what would otherwise be a direct acting engine. 
The pump is a double-acting one, and it is made in sizes 
varying from 3 to 14 in. in diameter, with stroke varymg from 
6 to 24 in. ; the diameter of the steam-engine \aiying from 
5 to 24 in. 

Mechanical Efficiency of Pumping Plant. The essential idea 
of the mechanical efliciency of any machine is expressed by the 
ratio of output to input, and when that ratio is multiplied by 
100 the result is given as a percentage. In the particular case 
oi a pumping plant it is nece.ssary in determining the overall 
mechanical efficiency to ascertain the input of power to the 
motor or engine and the work done on the water discharged, 
which must include the work done against friction, tlien the 

loGH 

ovtTall mechanical efficiency — ~ — - . - - - , but the 

33,000 X input h.p. 

efficiency of the pump itself is given by the expression 

loGH , . ^ . 

^ where e is the mechanical efficiency 

33,000 X input h.p. X e 

of the motor or engine and the gear, if any. Tlic mechanical 
cfficienc}^ of a steam-engine may be fairly assessed at about 
80 pc'r cent, and an electric motor at about 95 per cent, but 
it must be remembered that in both cases the actual efficiency 
depends on whether the machine is running on light load or 
full load. The efficiency of single-reduction gearing may be 
taken at 95 per cent, on the assumption that there is perfect 
meshing of the teeth, the efficiency of double-reduction gear 




Fig. 192. " Reliable ” Steam Pump 
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*^ay be taken at about 90 per cent, and the efficiency of belts 
and rope geanng may be taken at 95 per cent. 

Example 78. A differential ram pump 5 in x 7 in x 0 in. 
stroke, running at 160 r p m , is driven by an clcctnc motor 
through single- red action gear, the input horse-power of the 
motor iKang 37 The head of the water on the pump (mcludmg 
friction) IS 435 ft Find the mechamcal effiaencv of the pump 
and the overall efficiency of the plant e «= 90% 

Solution. In detcnnining the discharge of a differential ram 
pump, \ae may look upon the pump as being a single-acting 
pump having a ram whose diameter is the greater of the given 
dimensions or as a double-acting pump whose ram has the 
smaller dimension as diameter For the purpose of this example, 
we shall take the latter view, and also assume tin* volumetric 
effiueno to be 100 jier cent, thtrtfore - 

G - OQ^^d^L\h 

— o 034 5* > 1”, X 2 X 160 V I 

-»04 gal per min. 

Ihe output horse-powci 

106 li 35CKKJ 
10 X 204 435 

- 27 

MichaT\Ka! (fficuiuv of pump 

Output h p > 100 
H h p of motor and gear 

^ (27 09 X 37)100 

Overall tffieiencv of plant 

(27 -■ 37)100 

= 73 % 

A knowledge of the mechanical efficiency of a pump, although 
the efficiency mav vary within limits determined by the condi 
tion of repair of the pump is useful in that it enables prospective 
purchasers to work out the commercial efficiency of the pumping 
plant, a figure which is influenced by the actuarial factors of 
depreciation, interest, and amortization, and the technical factor 
or running cost 

Three-throw Ram Pump. This pump con«ists essentially of 
an arrangement of three single-acting rams which are opierated 
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by cranks set at angles of 120®. The suction and delivery 
pipes of the separate pumps are connected together by common 
suction and discharge pipes, to which are attached suitable 
air-vessels* The valves, although they are usually of ample 
dimensions, are uncontrolled, consequently the speed is 
limited to that which enables the valves to operate without 
the occurrence of excessive slip. Fig. 193 shows the main 
features of the treble ram pump made by Frank Peam & Co., 
Ltd., Manchester. The barrels and valve chambers are made 
of cast-iron, and the valves and valve scats are made of gun- 
metal or other suitable material. The rams, which are made 
of close-grained cast-iron, ^qrk through gun-metal neck rings 
and cast-iron glands. The crossheads work in circular bored 
guides, and the cranks of the slab type are attached to the 
crankshaft, which is carried in four bearings having adjustable 
gun metal liners. As will be seen from the figure, the pump is of 
strong construction to enable it to deliver water against high 
heads. The pump may be arranged to be driven by spur 
gearing, by belts, or by ropes. In dry situations, belt- or 
rope-gearing may be used, but in wet places where space is 
of moment the spur-gearing is most advantageous. A decided 
advantage of the treble ram pump is that the discharge is 
practically constant, thus Admitting of electrical driving. The 
advantage of the electrical drive is important in relation to the 
removal of water from places that are to the dip of, and 
remote from, the shaft. The performance* of such a pump 
under normal working conditions is bound to vary with the 
state of repair, but the following figures, culled from Experi- 
ments with Electrically-driven Pumps, by T. L. Galloway, are 
indicative of what may be exjH'cted from such a pump. 
(See page 82, Vol. XXXVI, Trans. L Mm. E.) 


Pump 9 in. in diameter, witb three rams having 1 2-in. stroke — 

Static head ..... 383 ft. 

Friction head . . . . .12,. 

Total . . 395 It. 



^ 1 ^ 



Fig 103 Pb^Rn's Three-throw Ram Pump 
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Spaed of pomp 
Displacement 
Actual discharge 

Slip 

Which is equal t 

Useful work . 

Input horse-power to motor 
Useful effect of plant 


. 57 r.p.m. 

. 462 gal. per mm. 
». .429 o 


33 


about 7%. 

. . 52-6 h.p 

. 70*8 M 

. 72% » 


Treble Ram Pump with Flooded Suction Valves. It is 

probably true to say that most of the breakdowns in rotative 
reciprocating pumps are due to water-hammers arising from 
attempts to run pumps at speeds beyond the limiting speed at 
which cavitation takes place. If it were possible to have the 
pump placed below the level of the water in the sump, the 
suction valves would at all times be drowned, and cavitation, 
with consequent water-hammer, would be prevented. Repairs 
to the pump would be less frequent, and the capacity of the 
pump might be increased by running it at the greater permis- 
sible speed. It is not always possible to arrange to have the 
sump at higher level than the pump, but Fig. IQ4 shows the 
method adopted by Messrs. Lee, Howl Sc Co., Ltd., Tipton, 
Staffs., to attain the same end. 

At one side of the pump and driven'from the crankshaft a 
separate ram pump is fitted ; this pump is used for drawing 
water up the suction pipe only, and delivering it into the open- 
top tank fixed at the back of the high lift pumps, to the suction 
inlets of which it is attached. The tank is somewhat higher 
than the delivery^ valve box of the high lift pumps, and when 
full of water the whole of the pump valves are flooded or sub- 
merged. and in this condition permit of a much higher velocity 
of water through them than can be obtained in an ordinary 
pump, in the barrel of which a high pressure and a state of 
vacuum have to alternate at every’ revolution. In order to 
keep the tank quite full the suction pipe is made of slightly 
larger capacity than that of the three lifting rams, and an}^ 
excess of water is allowed to flow back to the source of supply 
through an outlet near the top ; the suction pump is very simple. 




Fig 194. Tipton Flooded-suction Paifp 
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being fitted with two only india-rubber disc valves working on 
grid seats 

Example 79. A three thro^ pump has single-acting rams 12 in, 
in diameter and 18 in stroke The crankshaft makes 30 rpm 
Assuming that the slip amounts to 10 per cent of the theoretical 
displacement, determine the weight of uater discharged b> the 
pump per hour 

Solution. 

Amount of discharge per ram per minute 
o 034^^*/ Nh gal 

Amount discharged bv pump per hour 
3 X o 034rf*LN/ > 60 X 10 
2240 

3 > o 034 X 12* V 1 1 /V 30 X , X 60 X 10 
2240 

- 150 tons 

Centrifugal Pump. In its simplest form the centrifugal 
(Himp consists of two main parts (i) the impeller (2) the 
casing riio impeller is usually mtcle of phosphor bronze in 
ordci th it it maj' offer a high rcsistanci to a mechanical 
abiasion dirt\ wattr and be proof against the corrosive 
efft cts of water ha\ mg acid properties The impelk r is mounted 
upon a still shift which passes through thi easing the water 
being SI aled otf b^ i packed gland fitted with a w ater si al from 
thi dcliverv main, while the bearing proper is usually earned 
on an extension of the end cover The other end of the shaft 
IS carried in a sleeve bearing composed of a bushing in a 
water-tight cap bolted to the casing, lubrication being effected 
by means of a Staufter grease cup feeding through the end of 
this cap The casing is of the volute pattern, designed to 
convey the entering water to the eye of the impeller by 
double-suction inlets, and the volute chamber has guide vanes 
cast in it Fig ic)«) is a diagrammatic representation of the 
principal features of the centnfugal pump WTien the impeller 
IS caused to rotate in clockwise direction water is drawn mto 
the eye of the impeller from the suction inlet A and then it 
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is dischaiged from the impeller B through the guide vanes C 
into the volute chamber £>, to which the discharge pipe E is 
attached. It may at once be stated that the centrifugal pump 
should have a short suction pipe and a low head if the best 
results are to be obtained. If the pump is used in dc-watering 
a dip working it may not be possible to have a short suction 
pipe, especially if the position of the pump is temponirily 



fixed and the water is allowed to recede from it, but exjHTience 
dictat<’S that eilective work may be done t*ven when the suction 
head approaclu s 20 ft and the slope i in 5. The shorter the 
suction pipe the Jess trouble is expcru'nced in starting up the 
pump from the dry condition. 

Simple Theory of Centrifugal Pump. Fig. ic,6 shows the 
vanes of an impeller at a certain position in their clockwise 
rotation, and it is to be assumed that the watcT is taken up by 
the root of the blade without shock. It is deduciblc from the 
principles of mechanics that the work done on the water by the 
V{v. 

impeller is ft -lb. per pound of water flowing through the 

pump. If H, be the height of the centre of the impeller above 
the free surface of the water in the sump, and is the height 
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of the point of the discharge above the centre of the pump, 
and K 4 is the velocity with which the water is discharged from 
the delivery pipe, the work done on each pound of water is — 

and therefore = //, + + — = //. 

g 2g 

the theoretical lift of the pump. Let (180° -- 4) be the angle 
between the direction of the vane at exit and the direction of 



Fig. 190. 1 mf>ei LEU Diagram 


motion, then the tangential component of the resultant 
velocity will be 

== Vj - cot 4 

I *^1 ^’1 (^1 “ /h cot 4 ) 

hence, H = — * = -i-Li — tl L', . . . ( 1 ) 

i g 

and since the radial velocity jui is given by the quotient of ()j. 
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the discharge in cu, ft. per sec., and Ai the circumferential 
area m square feet, the theoretical lift 

cot 4> 

H - ----- (2) 

K 

This formula shows that the theoreUcal lift of a centrifugal 
pump depends on the |X‘ripheral speed of the impeller and the 
inclination of the v’ano at the circumference of the impeller. 
For any given head ll the values of Fj and I’l must be such 
as to gne a product etpial to g//, and <is the value of is 
related to the angle it is |x>ssihle to choose the value of ^ 
to give a certain ulatioiiship 1 h tween r, and H. For a given 
value of H the greater tlie angle ff> the less the v.ilae of v^. 

Manometric Efficiency of Centrifugal Pump. I'hc ratio of 
the gross lift of a pump to the thcoretK'al lilt is an expression 
of the manoini tii< efikiency of the pump, i , 


V 


h 

H 


7 , - cot • 0 


( 8 ) 


In purnp^ of modern design the value of may vary from 
0-6 to 0*85, b(ing great! r tht k ss the angle <j) In computing 
h the gross he .id, allowance must bi‘ made for the loss of head 
by friction in the suction and discharge pip(*s, and the head 
V/ — 2g should always be considered as an (‘Xternal loss, 
thus — 




(a. f /<. 4 A- + ) 

«’l* - ti J cot • ^ 


( 4 ) 


is a complete statement of the manometric efficiency. 

Design of Centrifugal Pun^. In proceeding to design a 
centrifugal pump to discharge a certain quantity Q of water 
24-~(T 5468) 
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against a certain actual head one must first of all consider 
what the gross head h is most likeiv to be, for the gross head 

^ ^ g( V -Vtfh cot 4 ) 

g 

If, now, one decides that the radial velocity w is not to 
exceed something between 3 and 10 ft. per sec., and suitable 
values are assigned to any other two quantities, the remaining 
quantity can be found. It seems that, in the light of experi- 
ence, one need not hesitate to assign a value to and knowing 
the actual head, the gross head may be readily calculated with 

Head in Feet to Overcome Friction, per Yard Length of Pipe 
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reasonable precision. It is necessary to take mto account and 
allow for the resistance of foot valve, strainer, bends, ellx>wb, 
or lees. The equivalent lengths of straight pipe of same 
diameter which w’ould cause the same frictional resistance as 
the specified fittings are as follows — 

Ft 


Foot valve and strainer . . . , -4* 

Sluice \alve. full open 

Valve with hinged dap . . . . .10 

Hends (r 3 diameters) .... 3 

Round elbows . ..... y 

Sharp elbows and tees ... .18 


The loss of head due to friction of watei m pipes is given in 
the table on the pioceding page 

Example 80. Calculate the total head against nhuh a centri- 
fugal pump will have to discharge 500 gal ol watei per mm., 
given the following particulars static suction hti 10 ft , static 
dehverv luad 50ft , one bend in suction pipe and one valve 
with hinged flap I he vcdotilv of the w«*ter in disihaige and 
suction pipes is to be 5 ft per sec. 

Solution. Diameter of siu turn and dischaigt pH es 



TT 

(>0(> A oj g.illons 
4 



/ ^ X >c 

V 3 *M bo X 5 


25 


o 58 ft 


The diameter of the discharge and suction pip<*b may be taken 
as 7 m. 


Kquivalent length of suction pipe 

J^'t 

Suction pipe ..... 

. 10 V 

Hinged flap valve .... 

10 (23 ft 

Bend 

* 3 ) 

Friction (23 ft at 0 061 ft per yd ) 

. 0*46 ft. 




Total 


. 23*46 ft 
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Equivalent length of delivery pipe 


Static head .... 

Sluice valve .... 

Friction (53 ft, at 0*061 ft per yd ) 

Total 


Ft. 

50 

2 

!•! ft 


jsaft. 


53-1 ft 


Head equivalent to — 2^ == 5* — 2 x 32*2 

= 25 - 64-4 = 0*39 ft 


The gross head, therefore, is the sum of 23*46. 53*1, and 0*39 
which IS ]ust 77 ft * 


Example 81. Calculate the peripheral speed and diameter of 
the imp< Ik r of a centrifugal pump to rai^^e 500 gal per mm , 
against a gross head of 77 ft Let the angle (f> be 40*^ and the 
manometric efficiency be o 6, and assume the area of the circum- 
ferential opening to lie such that the radial velocit\ of the water 
at exit IS 5 ft. per sec. 


Solution. Using formula (5), vve get 

77 - o 6 ^ 5 cot 40°) 

32*2 

and Vi* -Vi ^ 5 cot . 40® yy x 32*2 — o*6 = 4132*3 
.’. X 5 X 1*1918 = 4132*3 

and Vi* - 5 ’ 959 «^i = 4132*3 

hence i;. ^ ' 5-gsq) I V ( -5-059)»-4 X 1 X~(- 4 132 - 3 ) 


5'95 9 ± tzS; 
2 


67 3 ft per sec. 


In Example 8o it was found necessary to have 7-in suction 
and discharge pipes, tjlierefore the eye of this pump would most 
likely have the same diameter , and, as the ratio of the diameter 
of the eye of a centrifugal pump to the diameter of the impeller 
IS I to 2 or 1 to 3, the impeller may have a diameter between 
14 in and 21 in It is worthy of note, as a modem development 
of the design of centrifugal pumps, that the ratio of eye diameter 
to impeller diameter in the pumps made by Messrs Amag-Hilpert. 
of Nuremberg, for the Rand Water Boards was more nearly 3 to 4. 
If it IS decided that the diameter of the impeller in this case is 
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x<5 ft., then the speed of the pump in revolu^ns per minute 
^iFOuld be 

22 X 1*5 

Starting a Centrifugal Pump. When it is remembered that 
a centrifugal fan running at much the same peripheral speed 
as a centrifugal pump produces a depression of a few indies of 
water, the necessity for priming the pump before starting will 
be readily understood. In order that that may be done the 
pump is usually fitted with a foot valve and a gate or sluice 
valve at the junction of the pump with the rising main. A 
relief cock is fitted to the top of the casing, and a by-pass pipe 
IS connected to the pump and delivery pijxi to bridge the sluice 
valve. In priming the pump, the priming water is conveyed 
through the bj^-pass and by-pass valve into the pump chamber, 
the air within the chamber being ( xpelled through the relief 
cock When the casing has been filled completely with water 
the relief cock and by-pass valve are closed, then the impeller 
is run up to normal speed. When that condition has l^een 
attained the sluice valve is gradually opened and tlic water 
rises in the discharge column until it reaches the exit. 

The Turbine Pump. The underlying principle of the turbine 
pump is similar to that of the centrifugal pump, for in the case 
of both types of pump water enters the eye of the impeller at 
a low velocity and is thrown off from the periphery at a high 
velocity, and the kinetic energy of the water passing from the 
impeller is converted into pressure energy in the volute cham- 
ber. It has been shown that when the peripheral speed of the 
impeller is 67*3 ft. per sec., a single-stage pump can deliver 
water against a gross head of 77 ft., and at higher peripheral 
speeds up to about 200 ft. per sec., correspondingly greater 
heads can be negotiated. A common gross head per stage is 
about 150 ft., thus if it were necessary to raise water by a 
turbine pump to a gross height of 1000 ft. it would probably 
be necessary to have a turbine consisting of six cells or 
impellers, and if the pump was run at a lower speed it would 
be suitable for, say, a head of 700 ft. Fig, 197 shows a section 
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of a six*stago turbine pumji made by the British Electric 
Plant Co., Alloa, to raise 650 gal of water per min., against 
a head of 700 ft. The motor by whicli the pump is driven is 
of 200 h.p., and the set is designeii to run at 1460 r.p.m. On 
referring to the tigiire it will be st‘en that water enters the 
pump at tht‘ end next the motor, and in th(‘ first adl it has 
imparted to it enough energy to overcome one-sixth of the 
total head, tlu n it is discharged through thi‘ guide vant‘S and 
whirlpool cliambta to tlie eye of the next im})ell(‘r. As the 
water passes through the jmmp it leceives in each rell a 
certain quantity of eiicigy, and wIk'ii it pa.sses into the rising 
main enough eiuTgN has he^Mi given t(» it to (liable it to rise 
to the luad against which tlu‘ jminp woiks. Tlu* suction and 
discharge hi inches .iit- earried bv the eiul covers These and 
the intervening (.hainbeis aie all legislered tog< ther by long 
bolts whiih run tliiough to tlie eiul ('over.^. Ihe lattiT an‘ 
providt'cl with feed b\' w'hii h the j)unip is attached to the 
sole-plate ('a^t in^n is used 111 the manufat ture of the exttTior 
portions of the jnimp, but th(‘ guide pons and iinpelh^is are 
made oi gun metal or j)hos] 4 ior bionze. Tli(‘ shaft is made 
of mild stei‘1 or nickel steal, and if it shouUl bi‘ consider<*d 
necessar\' the sliaft may be* jirotected btdween stages by 
sleeves of non- fei rolls metal. The IxMring liousings an* of 
east-iion, with cast-iion renew'able bushes lined with white 
metal or other appioved maleTial. Automafic (oiitinuous 
lubiication is elfected by means of oil rings dip])ing into large 
oil reservoirs in the housing 

Balancing Axial Thrust. Tlie jiressare ex (Tied by the impel- 
lers of a turbine* pump upon tin* winter passing through tliem 
is directed towards the suction end of the pump, and if no 
attempt w'as made to balance the axial thrust the impellers 
would become decentralized, and there w^ould be exccs.sive 
w'car betw'een the .stationary and rotating parts of the pump. 
In single-stage, single-entry centrifugal pumps, there is always 
that lack of balance which is absent in double-entry pumps, 
and since the head is usually low the axial thrust is balanced 
by the introduction of a Michell bearing, similar to that shown 



MIMING MACHINERY 


364 

in Fig. 198. The following is a description of the system of 
balancing axial thrust adopted by the Pulsometer Engineering 
Co., Ltd., London. The chamber A in Fig. 199 is supplied with 
the wattT under pressure from the last impeller through the 
clearance B, between the spindk* and the central bush in the 
delivery^ cover The axial thrust towards the suction causes 



1 H)S riMKIlU.M I’l MI* snow INt, MlClII 1 1 
Hi \KiNf, 


the cle.irance (' betwe<*n the balaming diM and its seat to 
close up, so that more water entt‘is the chamber .1 than lea\es 
it, and the pressure m this diamber therefore increases until 
the axial force, on the balancing disc towards the delivery 
cover, balances the axial thni'*'! of the impellers towards the 
suction cowr. 

If the axial thrust from the imp<*ller> increases, the clearance 
C closes up, and the pi essure in the chamber A increases until 
equilibrium is again restored If the axial thrust from the 
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impellers decreases the clearanct* C opens, and the pressure in 
the chamber A is reduced until equilibrium is again restored. 
The total movement of the disc and spindle is so small that it 
can hardly be moasiirod. The balancing disc is made so large 
that there is no danger oi its coming into contact with its seat 
undcT thr- most unfav’ourable conditions of pumping, such as 


OLLIVtttV MAMCn 
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when the pump is running «it full speed with no head. As there 
IS no int tallic contact there is no wear, (*xcept when gritty 
water is jmmped, and when from this cause the wear has 
become excessive, the disc or its seat, or both, can be replaced 
in a verv^ short time and at small cost, without dismantling 
the pump, it being only necessary to remove the bearing. 
The balancing disc is then^fore a perfectly water-cooled thrust 
bearing working without metallic contact In common with 
all balancing methods the balance must lx? paid for by loss of 
energy in the shape of mechanical friction, or in the shape of 
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lost water, which in this case will not exceed i per cent to 2 per 
cent of the total water pumped and which is allowed for in the 
efficiency quoted. 

Pulsometer Steam Pump. This is a form of pump in which 
the valves are the only moving parts, and the principle of its 
action is precisely the principle introduced by Savery towards 
the end of the eightcentli c(‘ntury. The water is discharged 
under direct pressure of the steam, consequently the head 
against which the pump works is not usually high. Let p he 
the pressure of the steam abovci atmospheric pressure in 
pounds per squan* inch, h the head in ft‘et, and E the efficiency 
of the pump (a factor having a value which is dependent on the 
internal rt*sistance and the amount of condensation of steam 
that takes place during discharge) then — 

Hydrostatic pressure — st» am pressure 
i.e., 0-434/1 — pE 

and A = 

0-434 

Example 82. A Pulsometer pump is supplied with steam at 
50 lb per sip in. (by gauge) and the etticiency is estimated to be 
75 per cent. To what height could the pump discharge water ? 

Solution. Head ^ ^ — 86-4 ft. A ns. 

0-434 0*434 

This example is intended to be representative of the n^sult 
on(‘ would be entitled to exjxTt in practice, fc)r experience 
shows that a steam pressuri* of 50 lb. per sq. in. is nece.s.sary 
if the head is about 80 ft. Higher heads would require high 
pressures. 

Fig. 200 is a .section of the l^ulsometer steam pump, which 
consists of a single casting called the body, composed of two 
chambers joined side by .side, with tapering necks bent towards 
each other near the top and surmounted by another casting 
called the neck, accurately fitted and bolted to it, in which 
two passages terminate in a common steam chamber, wherein 
the ball valve is fitted so as to be capable of oscillation between 
the seats formed in the junction. Downwards, the chambers 
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are connectc^d with tlu‘ suction pai*sage wherein tlie inlet or 
suction valves are arranged. A <iischarge chamber, common 
to both ch<imbers, and leading to the discharge ]npe, is also 



lie, 200 1*01 sOMtll-K Pl’MF 


provided, and this also contains one or two discharge valves, 
according to the purposi^ to bt‘ fulfill(‘d by the pump. The 
air chamber communicates with the suction 'Flie suction and 
discharge chambers are closed by hinged covers shown near 
the suction valves, accurately fitted to the outlets by planed 
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joints, and readily removed when access to the valves is 
required ; in larger sizes handholes are provided in these 
covers. The amount of opening of the suction valves is 
controlled by guards. 

Action of Pnlsometer Pump. When the pump has been 
primed, steam is admitted to the steam pipe, and passing down 
that side of the steam neck which is left open to it by the 
position of the ball valve, presses upon the small surface of the 
water in the chamber which is exposed to it, depressing it 
without agitation, and const^qiiently w’itli but little condensa- 
tidh, and driving it through the discharge opening and valve 
into the discharge pipe. When the water reaches the orifice 
leading to the discharge pipe, the steam blows through 
among*'! the turbulent water and condensation at once takes 
place, with the result that a vacuum is foinied in the newly- 
evacuated chamber, and the ball valve rolls over and closes the 
steam inlet to that chamber. The st(‘am passes into the other 
chamber now, and while that is b(‘ing evacuated the first is 
being tilled by the pressure of the atmosphere on the free 
surface of the w'ater in the sump Kach chamber is filled and 
evacuated in the same way, and a continuous discharge of 
water is maintained by tlu‘ alternating discharge of the water 
from the chamber. The Pulsometer pump has in the past been 
found to be exceedingly useful in raising gritty water from the 
bottom of the sinking shafts, and, although it not t‘conomical 
in steam consumption, it has been used with good results in 
d(*aling with large quantities of water from sinking shafts. 
The pumps installed at the sinking of Maypole Colliel:y^ Wigan, 
wore capable of dealing with 80,000 gal. of water per hour. 
The pump is simple in constniction and consumes its own 
exhaust steam. 

Pohle Air-lift Pump. This is a pump in which w^ater is 
raised economically without the use of solid pistons or vah^es. 
Fig. 201 is a section showing the relativ’c positions of the pipe 
A convening compressed air to the bottom of the eduction 
pipe, the eduction pipe P itself, and the shaft or well in which 
the pump is placed. As will be readily understood, the level 
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of the water within the eduction pipe and outside of it is the 
same before the supply of compressed air is turned on, but 
when compressed air is supplied to the lower end of the 
eduction pipe water is discharged from the upper end of the 


pip^ 1 he motivi lorce opera t 
ing tlu pump IS the buoyancy 
of the bubble s of air asce nding 
the eduction pijn Consider 
1 bubbU of \()lum< O using in 
the pijx w ith «i It 1 itu i. \ t locit\ 
tj If a hi tlu cioss St ctumal 
ana o* the tdiutum pipt in 
squtin fttt tlit \oliimi ol 
water winch will piss from 
abo\( the bubble to the mule r 
side of It will be eiib tl 
per sec In pissing to llu 
under side of the bubble the 
water would icepnie some 
ah'* )liite \<lo(it\ whieli we 
ina> till 2 It IS thus sien 
that the kineMe eneig\ given 
to tlu w lie I p issing (lownwanl 
past tlu bubble is e qu il to 
the work done l)> the bubble 
in iscending the pqn hence 

7 * 

Odi I — dait > — - w he re 6 is the 

-if? 

densit\ of the w iter in pounds 
per cubie foot The' expre ssion 

take s the simple r form - — , ^ 

a 2g 



I JO ^<>T PoHi p Air i ji- r 
Pi MJ 


this givers the head h at 


the top of the pijx which is nectssar\^ to produce the velocity 


Vj, therefore h ~ 


O 

a 


This simpler form of the general expres- 


sion shows that the value of h is dependent on the volume of 
air supplied to ♦he pump per unit of time, and vanes inversely 
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as the area of the eduction pipe. The velocity of slip is 
obviously proportional to the square root of the volume O of 
the bubble, therefore it is desirable that the volume of the 
bubbles ascending the pipe should be small. That is why air 
is introduced to the Frizell air-litt pump through a series of 
small openings at the hast' of the eduction pipe. It is only in 
this particular that the Pohle and Frizell systems differ. The 
air-lift pump is not efficient, even when the most favourable 
percentage length of the eduction pipe is submerged, but we 
may regard it as a servicc^able system of raising water from 
shafts and wi'lls in s])ecial circum stances or in cases of 
emergency. 

Draining Flooded Dip Workings. The di]) workings of a 
mine may beconu' flooded with water due to one or other of the 
following causes, viz. — 

1. Failure of j)umps and delay in eth'cting n*pairs. 

2 . (\)m})ulsor3^ cessation of pumping operations. 

3. SudfhMi inrush of water from old workings in the same 
.s(Mm, or from abandoned workings in another .seam at a 
higher level. 

4. Irrujjtion ot water from the surface* arising from 
subsidence. 

Having regard to the particular circumstances in which 
recovery work is done, it is quite appan'iit that the pumps 
which it is propos<*d to install should be portable, that is, they 
should be light and capable of being mounted on a trolley or 
truck. If the road is high the piunp may be mounted on a 
trolley in the horizontal position, the back end of the trolley 
being made up by a deep pedestal on the back axle. The 
arrangement suggested is quite a usual one when a turbine 
pump is mounted on a trolley with the pump and motor 
shaft in the direction of the dip, but it the gradient is 
high the arrangement shown in Fig. 202 may be adopted wdth 
advantage. 

The figure show's a Sulzor turbine pump mounted upon a 
frame of rolled-steel joists and arranged to run on the ordinary 
tub track. Allow'ance is made for the inclined position and 
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the gravitational axial thrust by specially-designed bearings 
In similar circumstances the British Electric Plant Co,, Of 
Alloa, take up gravitational axial thrust by a ball-bearing. 
The movement of the pump is efft‘ctai by a rope which passes 
round the drum ol a winch or crab farther up the incline, and 
as the water rect'dos from the pump the latter is lowered 
so that the strainir is always under the siirlace of the water. 





I .0,: Si I.U.H Pump 


Unl( ss the inotoi is specially desigrud, it is inadvisable to 
allow It to becoiiK* wet, for the insulation might be all( ct<"d 
by the dampness and break down, but it the motor is contained 
in a specially-designed ( asing the wdiole pump may be totally 
submerged without risk of accident of any kind. Gwynnes 
Hngineeiing Co., Ltd., are manufacturers bf the submersible 
turbine pumps. I'lg. 203 shows a submersible pump which was 
used at the recovery of the dip workings of ( annop Colliery, 
Forest of Dean, after the dispute of 1921. It is seen that the 
pump is placed across the supporting truck, and consequently 
there is no gravitational axial thrust on the pump shaft 
The suction pipe was a flexible one which, with the strainer 
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was supported on another truck connected to that carrying the 
pump itself by two iron rods. By this arrangement it was 
possible to keep the suction pipe extended, for as the pump 
was lowered so was the truck carrying the flexible pipe. It 
is not always possible to have to hand eveiy^thing required for 
the unwatering of a mine, for a case of emergency is one in 
which one makes immediate use of every available piece of 
machinc*iy^ that can be pressed into service. It is on that 
account that one may hnd a stc'am ])ump side by side \\ith 



I Uj 203 (tWVNNLS Sl’BMKKsIIUE Pi MI’ 
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electric pumps, or pumj)s driven by compressed air ; and one 
may lind it necessary to j>lac(' a turbine pump, or a reciprocat- 
ing one, on the flocjr instead of having it mounted on a frame 
carried on rollers. 

Sinking Pumps. A cjuarter of d century ago thcTe were still 
to be found in pits whicli were being sunk those travelling 
sets " of bucket and plunger pumps that will be remembered 
for their enormous weight and small capacity. But the day 
of the small, high-capacity pump has arrived, with great 
advantage to those who have the responsibilit\’ of sinking 
pits through heavily-watered strata. With the advent of the 
cementation and freezing methixls of stopping the influx of 
water to shafts, there is not the same need for pumping such 
large quantities of water as used to be dealt with, but even if 
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that need still existed, it would be found that a great advance 
had been made in the design of sinking [mmps. It is common 
exj>erience that the occurrence of feeders of water is associated 
with the permeability of tlie rocks passed thmugh by shafts* 
Shales may be comparatively dry, but the inhTstnitilied beds 
of sandston(‘ may be llssured and give oil much water. It is 
because' of th»‘ zonal occurrence of w*iter in shafts that 
pumping station> are, as a rule, made in the lirst impervious 
bed found after sinking through the' wateT-ht'aring bod. 
Travelling piimi>s are use'el te) rai^* the' watiT fre)m the' bottom 
of the shaft to the surface, or to tlu‘ lodge* I jst made in the 
shaft. Where there* is more than one* intermediate li>dge, the 
water may be* raised freim the* shaft-l)e>ttom te) the* first ; then 
from one loelge te) the* othe'r, and se> on till the siiria e* is n*ached. 
In clioosing flui |)osition of peTinanenl purnpiiif’ 'Stations due 
cemsieleration .should be given (i) to the* <‘e‘ntraliyatron e>f plant, 
and ( 2 ) to the* e ifiriene v e)f ce*ntraUzc*d plant as against that 
ol plant jdaceel at the* points e)l influx of wat(‘i te) the* mine'. 

One ])<dnt is alwavs worthy of note' in a e onsideration. 
onel that i*' that water shoidel not he alloweel to fall elown the* 
shaft unless it he eon\(‘ye‘(l in ])ip(*s leading te) the* suction siele* 
e>f a puni]) whieh (an take* advantage ol the liydrostatie' head. 
The* turhiiu* pump is most suitable* in this re‘s])e‘e't, but in e on- 
sideration of the g^itt^' matter in the water, or the possibility 
e)f the pump losing its water, it might possible* he* he‘tte*r to 
install a ])lunger pump in the* shaft-h<»ttom with tiirhiue* pum])s 
to dv'al with the* c lean water ahe)ve. 

Evans’s “Cornish ” Sinking Pump. big. 204 is a .sectie)nal 
front (*le*vatie)n of the “ Griff Pattern Cornish steam pump 
made by Je)seph Evans cS: Se)ris, Wolverliampton. The* pump 
is designed to pump against a head of 300 ft,, the su.spension 
being made by means of chains, rods, or ropes, to enable it to 
be .slung w’ithin suction distance of the* water It is fitted with 
a removable liner wdiicli can be changed after wear occasioned 
by pumping gritty water. Tlie pump has a double-acting 
piston, and it is fitted with two suction valves. The body of 
the pump is of special design ; it lias a lined working-barrel 

25-<T.546^») 
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which is connected at one end by a bonnet (327) iind eyebolts 
to another compartment in tlie same casting, and the upper 
end of the working-barrel proper is connected to one side of 
the lour-doored valve-clu'st, while the ui>|ht end of the 
corres|)onding compartment is connecti'd to the other side of 
the valve-chest. 

Considering the j>iimp to be filled with water, the action may 
be d(‘scribt‘ci as follows : When the upward stroke is made, 
wiiti v is diNt'harged from lh(' working-barrel through the dis- 
chargt‘ valve, set n in the figure, into the rising main whit li is 
set on the toj) ot the valve-clu .st. Meanwhile w it(T has pass(‘(l 
through the suction valve, which is not st‘en in the iigure, down 
through the viTtical conipartnienl and bonnet to the undersi(U‘ 
ot the piston. During (lie downwMrd stroke the wal('»' under the 
piston is disch.iiged back througli the bonnet and \ eitical com- 
partin(‘nt through the deliv<Tv valve, not seen in the figure, 
to the rising main, and while that has been t.iking ])l<ice 
water has been passing through the suction valv(‘, setm in the 
tiguie, to the upper side of th(' [aston. I'he respective positions 
of the air-vi'ssol, steam inlet, and exiiaust pip<‘ are shown in the 
figure. This pump has had a most exti nsive apj)Iication to 
pumping in sinking shafts, and it is nuuk* in sizes varying from 
2 to 16 m. in diaiiK'ter. 

Turbine Sinking Pump. Desirable featurt s of sinking pumps 
are Uiat they .should ha\'e the greatest possible capacity for 
dealing with W'ater, combined witli compactne.ss of design, and 
that they should be easily and quickly transfi rred from one 
position to another. No jniinj^ combines those f(‘atures so well 
as the electrically driven turbine j)ump. Fig. 205 shows the 
geSft^ral arrangement of the pump, suction and discharge y)ipes, 
platform, and ladderway, of tli(‘ well-known “ Pliirovane " 
turbine pump mad(* by Mes.srs. Mather & Platt, Ltd. The 
characteristics of this pump show that while the maximum 
efficiency of 76 per cent is attained when the pump is raising 
600 gal. of w^ater piT min. against a head of 690 ft., the 
efficiency is 72 per cent when the pump Ls discharging 8(X) gal. 
of water p€*r min. against a head of 580 ft. Because sinking 
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pmnps may have to deal with gritty water it is important that 
the rotary portion of the pump and the chamber liners should 
be made of some matenal which offers a high resistance to 
abrasion. Messrs. Mather Platt make the working parts of 
their turbine pumps, both rotary and stationar^^ of a special 



zincless^bron/c which has a high tensile strengtli and great 
power to resist abrasion They w(n* the pion<'ers of the 
development of turbine pumps for all classes of hydraulic 
work, and still occupy a foremost position among makers of 
high-class pumping machinery. At the tune of the recovery 
operations following the Redding disaster, much was heard 
of the famous Kinglassic pump, a particular pump which took 
its name from the colliery at which it was originally installed. 
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The pump was in fact a B.E.P. sinking pump, manufactured by 
the British Electric Plant Co., Ltd. The pump is suspended 
in precisely the same manner as the Plurovane pump, and 
because it occupies a vertical position the motor is provided 
with ball-bearings to carry the armature and reduce friction 
due to gravitational thrust. The motor is ventilated and 
drives the pump through a flexible coupling, the complete 
unit^‘ing mounted in a girder framework for lowering down 
the shaft. Platforms are provided for access to pump, motor, 
and valves. The pump first installed at Kinglassie Colliery 
with accessory erpiipment weighed about 15 tons, and was 
sw'ung from a crab tixe<l on the surface. Its capacity was 
1000 gals, of water per min. when working against the normal 
h(jad, but at lower lieads it discharged 1300 gals, per min. 
As the pump descends the shaft the electric cable conveying 
the current is unwound from the reel on the surface, and pipes 
are acld(‘d to the rising main ifcs required. Glands are attached 
to the supporting rope to (mbrace the rising main and the 
power cable, and Ihest' form suitabh* supports for the cleats 
used to carry the weight of the electric cable. Fig. 206 shows 
the mode of attaching the wooden glands to the hoisting rope. 
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LXKKCISK gUKSllONS 

1 \ thrt*e-thi<)\\ pump has single-acting lanis in in diameter 
10 in stroke \t alvuit what s|)eetl should the crankshaft 

levoKe to handle 2s<>gal pei inin ol water and what shouhl be 
.about the biakc lioist powei (»l an electric niotoi to diue the 
pump il the total head fiom all causes is ^oo ft 

[inti ( / \ain May, iO)i ) 

2 Dc^ciiIr a pump suitable ioi draining the ta« * of an iiuUne 
l>eing drnen 1(» tiu detp the powei being t onijues^ed air I he 
watci ina\ amount loughh to *>0 gal jiei inin Peal with both the 
water end and tIu lompussed air tuid of the ]>ump 

{ 2 )idi lass L\an \o\ , ) 

5 V ((ntnfug«il (01 tin bine) pump diu(t (oupled toaiielettnc 
motor IS at woik uikIcm ground C>i\t a list of the aiiviliaiy gear 
and instiumcnt" that nia\ Ik* installed loi staiting and < ontiolling 
the niotoi and pump and toi showing lh( perfoimame of the 
plant {zvd ( lass / xam . May, i())2 ) 

4 (. onipaie tlie nu nls of a pum|) diuen bv compressed an and 
one dri\ cn l)^ (Ikuk motoi toi keeping tiu a(l\ am mg f.ict* of an 
me line 1ie( from water wlmh tomes in at the fact 
Hruth dtstiilx tiu puni]) that \ou would inst.ill 

{zH(i ( las', I xata Nov 10 ) 
Diaw a siinpli (hagi.im to illiistiate the .u tion of a lani in a 
cvliiulei with the netessarv valves to foini a single a' ting pump 
foi raising watei 

\ single ai ting lani 01 pmngei is (» m in diameter and works 
under a total head (Ironi all causes) of ^00 ft It makes ^o com- 
plete ieci])rocations 01 dt>uble strokes }h*i minute and raises -jo gal 
per niin 

Calculate the stroke <iiul horse |K>wer {a) li theie is no shjj, and 
{b) if the slip IS JO pel cent of the volume swept b\ the lam 

iznd Class / xam , Ma\, Kjj) ) 
o Make a sketch of a doulde acting ]>un)p having a single ram 
outside packed (znd ( lass L\am May, 1934 ) 

7 Desenbe a pump suitable for use with compressed air and 
for raising water at the rate of about 50 gal ix*r min to a total 
head of about 200 ft with an inlet air pressure of f>o lb |>er sq. in. 
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Deal with both the compressed air and water ends. What special 
provisions would you make to deal witj> dirty water? 

{ind Class Exam., Nov., 1934.) 

8. Compare a motor-driven ram pump with a motor-driven 
centrifugal (or turbine) pump, and describe underground conditions 
for which each type of ])un)y> is the more suitable. 

{znd Class Exam., May, 1035.) 

9. I'he ram of a direct double-acting pump is 5 in. in diameter, 
the stroke being 12 in., the rod common tf) both ram and piston 
being 2 in. in diameter. 

The barrel or ram case is in two portions, with outside packing 
glands between. Draw a simple diagram of the ram case and ram 
with rod. 

Calculate tlje gallons of water delivered by a double stroke of 
the ram (once to and fro), assuming there is no slip. 

{2nd Class Exam., Nov., 1935.) 

10. An int line is being driven, dipjnng i in 5. The measures 

are wet with water <iripping from the roof. 'J'he rate of incoming 
water is 40 gal. per niin, Klectric power and compressed air are 
available. Describe a portable pump }>lant for k(*eping the incline 
drained, the liead being limited to 100 ft. Give reasons for your 
choice. (znd Class Exam., May, 1936.) 

11. A three-thnm ram pump has its ram cases, delivery- valve 

boxes, and suction-x alve boxes all separate. Make a hand sketch, 
showing diagranunalieallv a section thiough one ram ca.se and its 
deliv'cry- aiul suction -valve lH).\es, indicating the ram and the 
valves and seats. {znd ( lass Exam., Nov., i<>3(>.) 

I 2. All incline is being driven down at 1 in 5. Water at the rate 
ot 40 gal. per min. accumulates at the face. Describe a complete 
electric pumping plant suitable for kcej^ing the incline dry for the 
workers and for r.iising the water to a total head of 100 ft. (Do 
not deal with the deliverv pipes or electric cable.) 

{znd Class Exam., May, 1937.) 

13. Describe the W'orthington type of ])um]> and how it works. 

{znd Class Exam., Nov., 1937.) 

14. Describe a pump suitable for use in an advancing incline 
and for driving by compressed air. The water is likely to be dirty 
and to carry grit. W'buld you use a piston or a ram in the water 
cylinder? Give the reason for your answer. 

What type t>f valve and seat would you adopt for the water end 

{2nd Class Exam., May, 1938.) 

13. Water collects in a swamp or low place in colliery workings 
and after a time impedes working. The feeder is about 20 gal. per 
min. Describe a low-head pump outfit suitable for keeping the 
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snamp drained Either electricitv or compressed aa: ta available^ 

{2ful Cias 6 Exam , Nov , 1938 ) 

1 6 Descnlie a centi pump v ith a single impeller ananged 

for coupling airect to an ole<. tnc moloi (not to be descnlied) What 
valves are useful or essential in working and ttmtnilhng a centn- 
fugal pump ^ (2«r/ C /n^«? L iflfwi , Ma\ , 19^9 ) 

17 Describe a pumping plant tor a sinking shaft to nulude a 

centrifugal (01 turbine) pump coupled direct to an electric motor, 
and the accewuies of the })ump. which is to be ananged to follc:>w 
the sinking as it procc'eds {!•*/ Ciass J xani Mac ) 

18 A centrifugal (or tin bine) piiiiif^ has 5 impellers in senes, 

in in diameter running at 1440 r p m Ihe tlehver\ biam h is 

7-111 tx>re and the suction branch is S m Ixire 1 or what rale of 
dehverc of watci and head would this pump lie suitable^ 

(ist Lxam , \o\ , K)*;! ) 

ic) Ihe fcedcT of water to Ik? pumiied up a shaft 1000 ft deep 
is 500 gal }>er mm m winter and 250 gal per min n summer 
Electric power is to be used Keliabilit) is irnpoiiant Discuss 
the types ol ])ump th«it might be used and s*i\ which you would 
adc^pt and in what iiumbeis and capac ities (uve leasons k)r jour 
choice (!«./( la^s / xaw , Ma\ , ) 

20 In connection with «i centnfugal (01 tuibinc) ])ump whose 
economical chit\ is 1000 gal pci nun 700 ft high at 75orpm, 
coupled direct to an dec tnc niotoi 

(ci) If tlie speed is me leased to 10001 pm what is^then the 
ccoiiomual head ind (|uantit\ pei minute'' 

{h) If tlie motor were octiloadcd at the CHOUcmiicaJ duty 
(looogal ]>ei min 700 ft high) how could jou rcxluce 
the l<»a(l whilst maintaining the spewed ^ 

{\st C lass 1 xam May i<)32 ) 

21 Describe a rec ipiocating steam pump suitable foi use m a 
sinking shaft, and state the pioMsions that may be made for 
better dealing with grill v water 

What size of pump would you choose for raising 2cx> gal j>er 
min to a height of 300 ft writh steam at a pressure c^f 60 lb per 
sq in at the stop valve’ (is/ Class Exam , Nov , 1932 ) 

22 Set out the information that should be given to a manu- 
facturer to enable him to offer a centnfugal (or turbine) pump 
coupled direct to an electric motor for placing at the Ijottom of a 
shaft to raise water up the shaft Deal with both the pump and 
the motor, but not with the switchgear , 

(is/ C/ass Exam , Nov , 1933.) 
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23. In connection with multi-stage centrifugal or turbine 
pomps — 

(a) What is the highest suction head that you would arrange 
for ordinary cold water ? 

(b) Describe the (jperation of starting the pump and also of 
stopping it. 

(c) What arc the points to watch in keeping the pump running 
well? 

(d) What parts of the pump are the most liable to wear? 

(e) If the driving electric motor is overloaded, how can the load 
on the pump be lessened at constant speed ? 

^ (isl ( 7 ass Exam., May, 1034-) 

24. Describe the action of a centrifugal (t>r turbine) multi-stage 
pump. 

Draw typical curves connecting the head, rate of flow', power, 
and efhcicncv for such a pum]). (i^/ Class; Exam., Nov., 1934*) 

25. Ill connection with multi-stage centrifugal (or turbine) 
pumps ' - 

What kind of ]>acking is used to ])rcvenl the leakage of air into, 
or of w'uter out of, the piini]) w'here the shaft passes through the 
casing ? 

What is a lantern gland, and how does it function? 

At what places inside the pump may leakage of w'ater occur 
back tow^ards the suction end ? 

What stops can be taken to make a centrifugal pumj) more 
suitable^or handling gritty or acid water > 

(ist Class Exam., May, 1935.) 

zU. An incline is lieing driven dow'ii in a seam di])piiig 1 in 6 and 
is now' iSoo ft. long. Water at the rate of 200 gal. per min. flows 
into the incline at a point 1200 ft. from the top, and below' this 
point the inflow of water is 00 gal. ])er inin. 

Describe the equipment <»f pumps and pipes that you w'ould 
install for raising the water to the tiip of the incline and for keep- 
ing the face clear lor the work of advancing the incline. The type 
of power is open to choice. (i.s 7 Class Exam., May, 1935.) 

27. Describe an electrically driven centrifugal (or turbine) 
pumping plant suitable for a sinking .shaft and for a duty of about 
500 gal. per min. to an ultimate height of 1000 ft. 

The electric ^-Knver is threc-pha.se, 50 cycles, 440 volts l>etween 
phases. (is/ Class Exam., Nov., 1935.) 

28. How may thrust be taken up on the spindle of a centrifugal 
multi-stage pump or of a steam turbine ? 

Descrilx? one ap|iarativ> for this purpose, 

(is/ Class Exam., May, 1936.) 



lONE DKAIKAGE 


3 ^ 

29 Give a careful descnption of a multi-stage centnfugal^ os 
turbme> pump — say foi 300 gal per miu , 500 ft head Ignore 
the dnving motor 

A centrifugal pump is able to lower the water m an uichne 
fastc’* when the suction pipe is short than when it is long, due to 
the water surface being faither awa\ Explain this 

(i^t 1 xam , May, 1936 ) 

30 \ centrifugal (or turbine) jminp has *i tlutv of 750 gal per 
rain to a head from all c auscs equis alent to 500 ft of w atei It is 
placed near the sump State the maximum suction head that you 
wou’d allow for ilso the diamctei of suction and deliver\ pijies 
that 301 would Use 

\lso des(iil)c the joint th it >011 would adopt foi the delucrv 
pipes and gi\c a list ot the \aKcs m the j)ipc ranges external to 
the pump ( /ass / xam Nov , io^6 ) 

Descnlx, the action of a ccntiifugal (or turbine) multi stage 
pump m raising m watei What arc tin vainsus common arrange 
ments of casing of thcs< pumps State tin merits o* lach design 

(is/ t/ass L;(am Ma\ , i<)^7 ) 

32 What aic tlic mattnals commonh used foi the casing im 
pellers guide vanes shifts sleeves bushes and lx ii mgs of multi- 
stage centrifugal (01 turbiiu) jmmjis^ 

If the water is at id or eonosive what changes ma\ be made m 
the materials used to u)|>e with it ^ {ist C lass Lxani Nov i<H7 ) 

3 ^ A shaft ib ft in diamcU r is to be sunk to a d< j>th of 600 ft 
I he inflow of w itc r is cxjnt Ud to bt up to (joo gal jki mm (five 
111 outliiu i specification of the lompleU pumping jdant that you 
would install in and about the shaft for rnsuig the vsater and to 
keep the bottom fit foi the sinkers to work in 

Assume that an\ kind of jiowci is available 

{1st C lass J xa}fi Nov , 19^7 ) 

34 \ multi stage cc ntnfugal (or turbine) pumj) has b impellers 
10 ir m diameter vvith*a width of opening at the run of o 65 m 
the suction bianeh is 5 in bore 1 he delivery branch is 4 in Ixjre 
The pump luns at 1440 1 ji ni What iie ai)})ro\iinatel> the best 
conditions of head and of rate of flow of water ^ 

If such a pump fails to deliver water (through a fault not cem- 
nected with the clri\ mg motor) where would vou look for possible 
causes^ (is/ ( lass I rant May 103S ) 

35 Discuss the types of pump availaiile for keeping dry the 
advancing face of an incline Assume that either compressed aif 
or electricity is obtainable Deal with the matter from the points 
of view of convenience, reliability wear of parts, and cost of 
running Ihe feeder of water may amount to 60 gal per min 

(14/ Class Lxam , Nov , 1938 ) 
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♦ 36. The water to be pumped at a colliery varies between 1 00 gal. 
per min, for 'five summer months, 250 gal. per tnin. for six months, 
and 320 gal. per min. for one winter month. The head from all 
causes is 300 ft. Electric power of three-phase type, 400 volts, 
50 cycles, is available. 

Give a si)ecification in outline of the pumping plant that you 
would install, bearing in mind that it is desirable to keep down the 
demand for power. Do not deal with .switchgear. 

(isi Class Exam., May, 1939.) 
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